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INTRODUCfiON 
Solar energy is widely recognized as an essentially inexhaust-
ible energy source that has the potential to make major contributions 
to energy needs of various agricultural and industrial operations. Low 
quality heat produced from a low-temperature, inexpensive solar collector 
can be efficiently utilized to provide supplemental heat to livestock 
confinement buildings, harvested crop drying, or service water heating. 
Ample area for collectors, energy capacity for back-up and peak demand, 
and a wide range of applications enhance the potential for agricultural 
solar systems (43) . 
Several factors of consideration exist in the design and develop-
ment of a successful solar heating system. First, thermal energy 
collection ceases during the nighttime"hours ·when the largest heat load 
is required from the system. Second, peak demand for the multi-purpose 
solar system is during the fall and winter months when the avail-
able direct solar radiation is at its lowest level in the Great Plains 
region. Third, a simple, economical, and reliable solar system should 
be designed to fulfill energy needs of several agricultural applications 
throughout the year. 
The use of a reflector with a solar coilector allows a higher 
concentration of insolation onto the absorbing surface. Therefore, 
less collector surface area is required for a desired energy output, 
when compared to a collector system without a reflector. Consequently, 
total thermal losses may be reduced as a result of the reduct ion in 
collector surface area. It has been shown that the concentrator cost 
per unit area may be lower than the unit area cost of many collect-
ors (39). Therefore, the use of a concentrating system may lower the 
cost and improve the performance of the overall system (21). A thermal 
energy storage unit can be utilized to provide heat energy to the 
agricultural application during the night when the lowest ambient 
temperatures occur. 
Solar energy has not generally been competitive with other 
conventional energy sources because of high initial capital costs per 
unit of energy return for most collector systems (53). In order for 
solar energy to compete as an alternative to conventional fuels for 
agricultural use, design, performance, reliability, and economic 
feasibility of solar systems must continually improve. A solar energy 
intensifier-thermal energy storage (SEI-TES) system was designed at 
South Dakota State University to incorporate these desirable character-
istics. 
Research was conducted to determine the feasibility of the 
multiple-use SEI-TES system with the following objectives: 
1. Evaluate the performance characteristics of the SEI-TES. 
2. Evaluate the economic feasibility and potential energy 
savings of a multiple-use SEI-TES. 
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LITERATURE REVIEW 
Energy fulfills a very significant role in the production aspect 
of agriculture. Drying of grain and other crops, heating of livestock 
structures, and other applications have been accomplished by use of 
plentiful, low-cost petroleum based fuel and electricity. However, 
petroleum supplies have become restricted and costs have increased as 
have electricity costs, therefore a search for suitable alternative 
sources of energy has been initiated . Solar energy is a major 
alternative energy source applicable to agricultural operations as 
well as many industrial processes . This literature review will attempt 
to familiarize the individual with information necessary to analyze 
the complete concept of solar energy utilization for agricultural 
purposes according to the following sub-categories: solar availability, 
flat plate collectors, solar concentrator systems, storage systems, 
thermal performance, agricultural applications, and economic perform-
ance. 
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Solar Availability 
Solar energy is the world's most abundant permanent source of 
energy. The amount of solar energy intercepted by the earth is 170 
trillion KW, an amount 5,000 times larger than the sum of all other 
inputs (terrestrial nuclear, geothermal, and gravitational energies 
and lunar gravitational energy), Kreider and Kreith (1975). According 
to Cherry (1973), even if this energy was utilized with an efficiency of 
only 10%, the total energy needs of the United States could be supplied 
by solar collectors covering only 1.5% of the land area, and this energy 
would be supplied without any environmental pollution. With the same 
10% utilization efficiency, about 4% of the land area could supply all 
the projected energy needs in the year 2000. By comparison 15% of the 
U.S. land area is currently used for growing farm crops. The solar 
energy input in comparison with world reserves of fossil and nuclear 
fuels is so large that all of the world's known fuels would last only 
a few days if these fuels were used to produce heat at a rate equal to 
the solar input. Or, in more easily-visualized quantities, an oil well 
on a quarter section of land would have to produce crude oil at a 
perpetual rate of 2500 barrels per day to have an energy output equal 
to the sunshine ·falling on that piece of ground, : ~f (1960). 
Solar radiation has a maxium intensity of about 1.10 KW per 
square meter, and on the average in a sunny climate, only about .63 KW 
would be available on each square meter of heat-transfer surface. 
This means that large surfaces must be used for the recovery of appreci-
able quantities of energy, LOf (1960). Liu and Jordan (1963) stated 
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that the global variation of the local climate and the value of the 
atmosphere clearness index (Kt) are so large from one locality to 
another that latitude is a relatively unimportant factor to consider 
in solar-collection application. Differences between monthly average 
sunshine quantities may be about 40% from year to year and typi-
cally 20 to 30% from site. to site. There may be large differences 
between nearby sites due to local weather differences, and there can 
be sizable differences from year to year because of changes in 
atmospheric turbidity, Will iams (1977) . The locality of each poten-
tial solar applicat i on should be analyzed for solar energy availabil-
ity, Heber (1979) . 
According to Peterson (1977) , the use of solar energy has 
attracted considerable interest because of its promise as a clean, 
virtually inexhaust i ble energy source. The amount of solar energy 
striking a surface at right angles to the sun on a clear day in South 
Dakota is approximately . 95 . KW per square meter during February. 
The daily solar energy striking a vertical, south-facing surface is 
.22 KW, on a horizontal surface it is .16 KW, and on a surface tilted 
64 degrees from horizontal it is .26 KW per square meter. There are 
a wide variety of collector orientations that have different advant-
ages and disadvantages according to the application . The relationship 
between collector orientations and the amount of solar energy each 
intercepts is important so that appropriate tradeoffs can be evaluated, 
Meine! and Meine! (1977). The recommended collector tilt for grain 
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drying and building heating applications is latitude angle plus 15 
degrees : 
According to LOf ( 1960) , there are two major considerations in 
the utilization of solar energy . 
1. Large surfaces must be used for the recovery of appreciable 
quantities of energy . 
2 . Solar energy has an intermittent nature . 
Therefore, the use of solar energy would depend on there being (a) no 
need for continuous energy supply, or (b) supplementary energy avail-
ability, when solar energy is unavailable, or (c) the availability of 
some form of solar energy storage. Therefore, these parameters and the 
previously cited characteristics of solar energy dictate the necessity 
for solar systems that are optimally designed for several applications 
with consideration gi ven to annual use and system cost . Numerous 
designs and philosophies for development of such solar systems exist. 
Flate Plate Collectors 
The flate plate collector is a photon absorber that converts 
energy from intercepted radiation to heat, Meinel and Meinel ( 1977). 
A typical flat plate collector consists of a cover, absorber, and an 
enclosure and support structure. The cover is a radiant energy trans-
mitting material such as glass, fiberglass, plastic, or polyethylene 
film. The cover plate transmits radiant energy, reduces convective 
losses to the atmosphere, protects the absorber plate from weather, 
and re.duces loss of longwave radiation emitted from the absorber ,... 
Kline (1978). Glass has been widely used to glaze flat-plate collectors 
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because it can transmit as much as 90% of the incoming shortwave solar 
radiation, while virtually none of the longwave radiation emitted by 
the absorber plate is transmitted outward, ASHRAE (1978) . Plastic 
films and sheets also possess high shortwave transmittance, but because 
most useable varieties also possess transmission bands in the middle 
of the thermal radiation spectrum, longwave transmittances have been 
noted as high as 0 . 40. Typically encountered solar system temperatures 
can cause deterioration and excessive dimensional changes of some 
plastics and only a few can withstand the sun's ultraviolet radiation 
for long periods of time. According to Hartman and Whitridge (1978), 
plastic films of various kinds solve problems of weight and breakage 
of flat-plate covers, yet have been found to become brittle in cold 
weather and to sag when heated. 
Low-iron glass collector covers were thought to offer optimum 
efficiency . However , visual pollution due to reflection and glare, 
along with dangers of breakage and shattering are low-iron glass 
associated problems, Hartman and Whitridge (1978). Breakage due to 
hailstones, thermal expansion, or vandalism can be minimized by the use 
of tempered glass, which is much stronger than window glass, ASHRAE 
(1978) . 
The absorber surface provides for energy absorption and transfer 
of this heat to the collector fluid. Numerous absorber surfaces are 
available, therefore options exist as to which surface can best accomo-
date the design. Several absorber plate designs, including flat p.late, 
corrugated, V-shaped and others have been used to effectively intercept 
incoming solar radiation, Kline (1978). Desirable characteristics of 
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an absorbing plate are as follows: (1) to absorb as much of the sun's 
radiant energy as possible, (2) to lose as little heat as possible to 
the surroundings, and (3) to transfer the heat retained to the fluid, 
Phillips (1978). 
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Absorber plate coatings, particularly absorptivity and emissivity, 
significantly affect the solar system performance. Phillips (1978) 
noted that a metal surface painted black can have an absorptivity for 
solar radiation of approximately 95 percent . However, many coatings 
with high absorptivity also have high emissivity. Selective surfaces 
are those types of absorber coatings with high absorptivities but low 
emissivities, Duffie and Beckman (1974). These types of coatings are 
expensive and are normally more difficult to apply than most absorber 
coatings . Also, Meinel and Meinel (1977) indicated selective coatings 
can never attain the highest l evels of absorptance possible. This 
limitation is basically set by the fact that the solar spectrum extends 
into the thermal infrared with significant amounts of energy in the 3 to 
4 ~ region. Duffie and Beckman (1974) noted operating temperatures of 
the solar system should also be considered in selecting the appropriate 
absorber coating, since selective surfaces provide little benefit at 
lower operating temperatures. 
According to Phillips (1978), the flat-plate type of collector 
requires no tracking device to capture the sun's energy. Flat plate 
collectors absorb direct or beam radiation from the sun , as well as 
indirect or diffuse radiation, which is reflected off n·earby buil§ings, 
ground, or clouds. When a flat plate collector is exposed to solar 
radiation the temperature rises on the absorber plate until heat losses 
equal heat gains. The losses depend on the emission of radiation by 
the heated material, the movement of the surrounding colder air, and 
the thermal conductivity of the materials in contact with the flat 
plate collector. The heat gains depend on the intensity of solar 
radiation and the energy absorbed from the surrounding environment, 
Daniels (1964) . 
Phillips (1978) reported typical day long efficiencies for 
different types of flat plate collectors (Figure A) areas follows: 
30% 
35% 
Bare Plate 
Covered Plate 
40% Suspended Plate 
45% 2 Cover Suspended Plate 
According to Close (1963), the main factors determining the efficiency 
of heat collection of a solar air heater operating at a given air inlet 
temperature are: 
1. Heater configuration; air flow per unit of collector area 
and length of flow path. 
2. Mass air flow through the heater. 
3. Spectral reflectance-transmittance properties of the 
absorber cover. 
4. Spectral reflectance properties of the absorber plate. 
5. Stagnant air, natural convection barriers between the 
absorber plate and ambient air. 
6. Heat transfer coefficient between the absorber plate and 
9 
SHEET METAL 
ABSORBER 
AIR 
A)BARE-FLATE TYPE SOLAR COLLECTOR 
COVER 
SHEET METAL 
ABSORBER 
MATERIAL 
B)COVEREu-PLATE TYPE SOLAR COLLECTOR 
SOLAR 
TRAI.,SPARENT 
COVER 
SHEET METAL 
ABSORBER 
FLOW 
INSULATING 
MATERIAL 
C) COVERED, SUSPENDED-PLATE TYPE SOLAR COLLECTOR 
----1 
FIGURE A. TYPICAL FLAT PLATE COLLECTOR CONFIGURATIONS, 
PHILLIPS ( 1978). 
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the air stream. 
7. Insulation at the absorber base. 
8. Insolation. 
There are basically two types of solar collectors: (1) the 
flat-plate and associated non-concentrating collectors and (2) concen-
trating collectors . The basic difference between the two lies in 
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how the collector interacts with radiation, Meine! and Meine! (1977). 
Smith (1979) indicated that a lower line flat-plate collector has one 
or no transparent cover and little or no insulation. A middle line, 
"standard", flat-plate collector has insulation and double glass covers 
to reduce heat losses . Meine! and Meine! (1977) noted that a concen-
trating collector, upper line, focuses the incident flux upon a 
receiver that is smaller than the aperture of the collector, thereby 
increasing concentration of radiant flux on the receiver. The differ-
entiation between the three classes of collectors is more from the 
standpoint of cost than from design, Smith (1979). The specific 
application of the collector is an important factor in .the design of 
the solar collector since it is important to properly match the desired 
temperature rise and air flow with the specific application~· This 
is particularly true with respect to agricultural applications, which 
differ significantly from many residential and industrial applications 
due to higher f low rates, Hellickson (1979) •. 
Considerable effort has been expended to improve efficiency, 
performance, and the output temperatures of flat-plate collectors This 
effort has been made with several goals in mind, Meine! and Meine! (1977): 
1. Store heat more efficiently for use during nights and 
cloudy days. 
2. Increase the temperature so that other tasks than simply 
providing hot water are possible. 
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Smith (1979) noted the efficiency of a lower line flat plate collector 
is high at low delivery temperature but decreases sharply as temperature 
is increased. Efficiency of the "standard" flat plate collector is 
comparable to the lower line collector at low delivery temperature. 
The upper line or concentrating collector represents the highest perfor-
mance class of solar collectors . Consequently, high efficiency solar 
collection may be accomplished by concentrators even at high delivery 
temperatures. 
The relationships important in collector analysis are the basic 
flat-plate energy balance equations, collector efficiency, overall heat 
transfer coefficient , collector efficiency factor, temperature distri-
bution in the flow direction, collector heat removal factor, mean 
absorber plate temperature, effective transmittance-absorptance product 
and the flow factor, Duffie and Beckman (1974). Close (1964) noted 
. that ~creasing the air velocity through the solar collector results 
in higher collection efficiencies, lower delivery temperatures, and 
also increased fan running costs. Therefore, air velocity design 
involves a compromise between solar system performance characteristics 
and specific application requirements. This becomes an increasingly 
important consideration in the design of multiple-use systems. 
Selection of the proper collector fluid is influenced by climatic 
conditions, specific needs of the application and the type of thermal 
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energy storage medium to be used. Close (1963) indicated, when com-
paring solar water and solar air heaters, the most obvious difference 
is the mode of heat transfer between the absorber plate and the heated 
fluid. In the water heater, heat absorbed by the water tubes is trans-
ferred to the fluid by conduction . This necessitates an absorber plate 
of high thermal conductivity, so that copper is generally preferred, 
also copper tubes are used because of resistance to corrosion. In a 
solar air heater, where the air stream is in contact with the complete 
absorbing surface, the plate conductivity becomes of small importance. 
Corrosion of the absorber plate is also a secondary consideration, 
thereforelight-gaugesteel or alumi num are commonly used plate materials. 
Daniels (1964) noted that flat-plate collectors are generally 
inexpensive and can operate on bright or cloudy days. Flat-plate 
collectors can be designed for numerous operations requiring energy 
0 delivery at low to moderate temperatures, up to perhaps 100 C above 
ambient temperature, Duffie and Beckman (1974). Addition of a concen-
trator and storage system can broaden the scope of energy requirements 
that solar systems can fulfill . 
Solar Concentrator System 
Solar radiation is a plentiful but rather diffuse fQrm of energy. 
To collect appreciable quantities of solar energy a considerable col-
lector area is needed. A solar concentrator is a device that focuses 
or reflects energy from a relatively large area onto a relatively small 
area, Hellickson (1979). Concentrating collectors can be designed with 
precision surfaces and also equipped with tracking devices to "follow 
. :- .... ,..., .. -
3 6 5211 
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the sun across the sky during the day", Phillips (1978). Solar concen-
trators are particularly adaptable to situations requiring higher 
temperature rises and in circumstances where collector or absorber cost 
is high in comparison to reflector cost, Hellickson (1979) . Parker (1979) 
reported that either high technology flat plate collectors or focusing 
collectors are potentially suitable for use in grain drying, space 
heating, and many industrial processes. 
The optics important in solar energy are generally of the follow-
ing two types: the Fresnel lens and the concave mirror. Solar optical 
systems differ from other optical systems in general in that (1) costs 
limit the optical element to s i mple surface and (2) the need for con-
centration requires t hat the aperture-to-focal-length ratio be as large 
as possible, Meinel and Meinel (1977) . Teplyakov (1971) indicated the 
ideal form of a concentrator from an optical standpoint is parabolic, 
however, to achieve a high concentration the reflector must be steered 
to remain directed toward the sun, and the heat exchanger must remain 
located at the focus . Ideally, a collector should be oriented with the 
surface perpendicular to the sun from morning until night, Phillips 
(1978). This requires rather expensive tracking devices and some means 
of continually re-aiming the collector. A more economical solution is 
to fix the collector at some compromise position and to accept a reduc-
tion in efficiency. This non-tracking system of solar concentration 
could be applied to agricultural drying and heating applications, where 
low-te~perature rises are generally utilized, Hellickson (1979). _.The 
use of a solar concentrator has the potential to provide moderate 
temperature rises at relatively low cost, provided that simplicity of 
design for the intensifier control system can be achieved. Reduction 
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of control system costs may be accomplished by manual focusing of the 
intensifier, which can be integrated in the normal chore type activities 
present on most farms, Hellevang (1979). 
· One type of concentrating solar collector uses a parabolic 
cylinder reflector to concentrate sunlight onto a collecting pipe 
within a quartz or pyrex envelope, Williams (1977). The pipe can be 
coated with a selective coating to retard infrared emission, and the 
transparent tube surrounding the pipe can be evacuated to reduce convec-
tive heat losses. The reflector is steered during the day to keep sun-
light focused on the collector. This type of concentrator, cannot 
produce as high a temperature as the parabolic disc, but produces much 
higher temperatures than flat plate collectors. These types of concen-
trators are normally designed for processes requiring high temperature 
rises and therefore are not ideally adapted to agricultural applications 
that can tolerate low temperature rise and high air flow rates. 
Parker (1979) reported that a cylindrical parabolic reflector 
and a receiver for heating air was designed, constructed, and tested. 
In the design and development of the unit four major problems were 
considered: 
1. Rota · ion of concentrator for continuous aiming toward the sun, 
2. Accuracy of the parabolic reflecting surface, 
3. Specular reflectivity of the parabolic surface, and 
4. Heat loss from the high temperature receiver. 
Performance data collected with input temperatures ranging from approx-
imately 15 to 100°C yielded output temperatures of 95 to 210°C at 
-3 2 0 a flow rate of 3.9 x 10 Kg/s-m of collector aperture and 70 to 175 C 
-3 2 at a flow rate of 5.9 x 10 Kg/s-m of collector aperture. 
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According to Duffie and Beckman (1974), the nature of the thermal 
losses for receivers of focusing-type collectors are in general the 
same as for flat-plat e exchangers . For receivers the shapes are 
widely variable, the temperatures are higher, the edge effects are more 
significant , conduction t erms may be quite high, and the problems may 
be compounded by t he fact that the radiation flux on receivers is not 
uniform. Rabl (1976) added that the heat losses from a collector are 
proportional to the abso r ber area, and hence inversely proportional 
to the concentration . Hellevang (1979) indicated the use of concentrators 
or reflectors may increase the efficiency of the system, because less 
collector area is needed, so there is less surface area from which to 
lose heat . Therefore, the use of a concentrating system may lower the 
cost and improve the performance of the system. 
The parabolic concentrator has provided an economical means 
of generating very high temperatures for small scale industrial appli-
cations and for research purposes, also solar heat at lower temperatures 
has been used for both industrial and agricultural operations, Williams 
(1977). A key f actor in proper system design is the compatibility 
between the solar collector system and the requirements of the appli-
cation for thermal energy storage. Parker (1979) has demonstrateg 
the suitability of using a solar concentrator in conjunction with a 
thermal energy storage for many processes in industry and agriculture. 
Storage Systems 
Solar energy is available only on an intermittent basis con-
sidering sunlight and nighttime hours and cloudy weather. Because of 
the daily variation of solar energy, some means of storage must be 
utilized to collect and retain solar energy , if solar energy is to be 
considered a true alternate energy source for various applications, 
Hellevang (1979). 
Common concerns encountered with all types of solar collectors 
involve the question of how to store the collected solar energy and to 
delay the delivery of the heat energy over extended periods, such as 
at night or during inclemental weather conditions. Numerous storage 
materials have been considered as possible solutions, however rock 
and water storage are considered to be the two main mediums for heat 
energy storage, Phillips (1978) . These materials are warmed either 
directly by the sun or by passing heated fluid through the collector 
during times when the collector is gathering more energy than is needed 
by the structure. The most commonly used fluid with rock storage is 
air, Phillips (1978) . Well designed, packed rock beds have several 
characteristics that are desirable for solar energy applications: the 
heat transfer coefficient between the air and solid is high, the cost 
of storage mater ial is low, and the conductivity of the bed is low, 
when air flow i~ not present, Duffie and Beckman (1974). Although rock 
does not store as much heatper unit of storage volume as either water 
or phase change materials, rock has several advantages in providi~g 
supplemental heat to confinement buildings and other applications. The 
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collectors can be more cheaply constructed, problems of freezing and 
corrosion are limited, damage due to leaks is minimal and the storage 
tank or bin is less expensive, Butler and Troeger (1977). Rock also 
acts as its own heat exchanger, which reduces total system cost, Kreider 
and Kreith (1975) . 
The geometric shape of particle storage beds is a compromise between 
heat-transfer and pressure-drop requirements. For a given volume of 
storage, the shorter the flow path, the lower the pressure drop. However, 
for flow paths that are very short, the fluid residence time in the bed 
is too short to permit effective heat transfer. A convenient method 
of determining the length of a rock bed, using air as the working 
fluid, is to require that the length be larger than that required to 
transfer ninety percent of the energy contained in the working fluid 
to storage, Kreith and Kreider (1978). Brinsfield and Felton (1979) 
reported the following characteristics for the rock storage unit of 
a solar collector operating at a constant air flow rate: 
1. The pressure drop per foot of bed length increases in 
direct proportion to distance into storage. 
2. Pressure drop across the rock storage varies as the 
approximate square of the apparent air velocity, indicating 
fully developed turbulent flow. 
A solar system was developed at Kansas State University to use 
solar energy for heating building ventilation air. The main component 
of the system was a massive, vertical, south-facing concrete wall~ 
painted black on the south side with openings from front to back, and 
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a double transparent cover on a frame that allowed ventilating air 
to pass between the covers as it entered the system. The wall serves 
several purposes and enhances the performance of the system in many 
ways. The wall is both the collecting surface and the energy storage 
system and may also be a structural component of the building. The 
massive wall provides a time lag between collection and delivery of 
solar energy for use during times, when no sunlight is available, and 
smoothes out wide temperature fluctuations ·so that more fuel is saved 
and building temperature i s more constant, Spillman, Robbins, and Hines 
(1978). Concrete blocks with a small space between each were success-
fully utilized as underbench rock storage for solar heating a greenhouse. 
The blocks provided an air duct on the bottom of the bed and also a 
means of thermal storage, Baird, Waters, and Mears (1977). 
Water is a practical storage medium for domestic water heating or 
when water is used as the means for collecting and distributing the 
heat, Butler and Troeger (1977). In spite of its superior heat capacity, 
water has not been particularly popular as a storage medium for two 
reasons. First, storages must be watertight and be able to withstand 
design loads which are generally higher than those in rock storages 
which considerably increases the cost of construction. The second major 
problem is freeze protection, Butler and Troeger (1977) . 
Meador, Eggerman, and McFate (1979), used a water thermal energy 
3 storage in providing solar heat to a baby pig environment. Two, 4.48 m 
steel tanks insulated with 150 mm of urethane foam insulation, prgvide 
a means of storage for the water. The tanks were buried in a bed of 
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gravel to conserve as much heat as possible and to provide drainage of 
excess ground water away from the tanks. During the construction and 
testing of this solar heat system the following problems occurred: 
1. Inadequate drainage due to improper pipe slopes . 
2. Boiling of water in the collector, which caused uneven water 
flow and loss of efficiency. 
3. Freezing and bursting of pipes, pump failure, and fuse 
burn outs . 
Hayden and Thompson (1977) used a concrete silo placed in the ground 
as a main storage tank in providing solar heat for a milking parlor. 
An 8 em thick foam float insulates the water surface and a fiberglass 
silo cap is used to prevent debris and people from falling into the 
tank. Problems associated with high temperatures and corrosion indicate 
the need for considering these factors, when selecting materials and 
system components for this type of solar application. Storage heat 
losses, monitored during a period of no load and no solar collection, 
0 were 47.6 J/ C-s, which was higher than desired. 
A heating system, using a solar assisted water-to-air heat pump 
and a thermal storage pond, was installed and used to heat a pig nursery 
during the winter of 1977 to 1978. To increase the coefficient of 
performance (COP) of the heat pump, rated by the manufacturer at 
5.27 KW, the temperature of the water source to the heat pump was 
increased by using flat plate solar collectors. The thermal energy 
storage pond for heating livestock housing was constructed with a 
capacity of about 3000 L. A heat exchanger, consisting of three,-· 30.5 m 
long, 1.3 em plastic tubes connected in parallel in the shape of a 
conical spiral, was installed in the pond. The storage pond was 
designed to be relatively easy to build by a farmer using normally 
available building materials and equipment. During the winter heating 
season using the solar assisted heat pump, December 1, 1977 to February 
18, 1978, the ambient temperature ranged from a high of 15.6°C to a 
0 low of -18.9 C. An average heat pump COP of 2.63 was obtained for the 
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test period. When the electricity used for the water pump was included, 
an overall average COP of 2.04 was achieved during the 81-day period 
of use. Thus, more than half of the heating requirements was derived 
from solar energy. In an actual farmstead design, this pond may also 
be used for other purposes, such as a waste holding pit, Vaughan, Holmes, 
and Bell (1978). 
There are several materials, · commonly referred to as phase change 
materials, which will solidify or "freeze" at temperatures within the 
range of those desired in solar storage. The phase change process 
(freezing or thawing) provides a considerable advantage in storing or 
releasin~ heat as compared to sensible energy changes. For example, 
Glaubers Salt will release ~ 15 kWh per pound, when it solidifies at 
32.8 degrees C. Equivalent heat storage capacity can be obtained in 
much less space using phase change materials as compared to either rock 
or water. Another advantage of phase change thermal storage is that 
a phase change material that is particularly suited for those 
applications requiring a constant temperature can be chosen for a __ 
specific solar application. Unfortunately, phase change materials are 
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fairly expensive and have shown a tendancy to breakdown after repeated 
freeze-thaw cycles, Phillips (1978). Other problems associated with 
phase change thermal storage have been: (1) cooling of the material 
below phase change temperature without solidifying during discharge 
(supercooling), and (2) adequate storage containers to prevent leakage 
of corrosive phase change materials, Kern and Aldrich (1979). 
Phillips (1978) reported the heat storage capacities for the fol-
lowing storage mediums in kWh per cubic meter for a 12.8 degree C 
working temperature range . 
Material kWh Per Cubic Meter ----
Water 35.5 _ 
Concrete 17. 1 
Crushed Rock 12.9 
Glauber's Salt 129.3 
Proper system design must include consideration of the character-
istics of the storage options with the requirements of the specific 
solar application and performance of the affil·iated solar collector. 
Thermal Performance 
Solar energy is transmitted from the sun through space to earth 
by a series of electromagnetic waves. Solar energy must be converted to 
another form of energy, such as heat, before it can be used in practical 
heating, drying, or other operations. Solar energy collectors, the 
devices used to convert the sun's radiation to heat, usually cons~?t of 
a surface that absorbs radiation and converts this incident flux to 
heat, which raises the temperature of the absorbing material. A part 
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of this energy is then removed from the absorbing surface by means of a 
heat-transfer fluid that may be either liquid or gaseous, Kreith and 
Kreider (1975). Since solar energy is relatively dilute when it 
reaches the earth , the size of a system used to convert the energy to 
heat on a practical scale must be relatively large. 
In general, the thermal conversion performance of the solar 
collector can be improved by increasing the transmission of energy 
through the collector to the working fluid and by reducing thermal losses, 
Kreith and Kreider (1975) . Therefore, the selection of the correct 
glazing and absorber plate is a very important design consideration. 
According to Phillips (l978), wood and plastics have been used as 
absorber plates for air collectors , but generally do not perform quite 
as efficiently as do metals . However, the cost per square meter of 
collector might be reduced , when wood or plastic materials are used. 
Surface area of the plate affects heat transfer in air collectors. 
Consequently, many designs include fins or corrugations to increase the 
surface area, thereby increasing heat transfer, Phillips (1978). 
One objective in designing solar collectors is to reduce the 
heat loss through the cover plate, known as convection suppression, 
Duffie and Beckman (1974). According to Close (1963), a stagnant-air 
gap interposes a high impedance to convective heat flow between the 
absorber plate and ambient air. Losses, both by radiation and convection, 
can be reduced to low values by multiple covers, however the consequent 
reduction in transmission of solar radiation may adversely influence 
collector performance, especially for lower temperature rise systems. 
To function properly the glass cover or covers should be secured firmly 
with weather resistant gaskets, which allow for the expansion and con-
traction of the glass, while keeping moisture out. The expansion/con-
traction joint is very important since glass has a coefficient of 
thermal expansion one and one-half times larger than steel and two 
times larger than wood . This j oint is not nearly as important for 
plastic or fiberglass covers, but as previously cited the losses of 
longwave radiation may be higher for these types of glazing materials, 
Phillips (1978). Flat and corrugated fiberglass have also been used 
as collector covers . The corrugated pattern increases the strength of 
the cover, but does not affect the overall heat transfer coefficient 
in a forced convection environment, Hellickson (1978). 
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A portion of the energy absorbed by the absorber plate is lost to 
the surroundings by conduction through the back of the collector and 
by radiation and convection to the surroundings, Turner and Dale (1979). 
Heber (1979) explained the heat transmission characteristics of the 
thermal energy sto~age located directly behind the absorber plate of the 
South Dakota State University solar energy intensifier-thermal energy 
storage system. Heber (1979) found that the continuous movement of .venti-
lating air through the collector and thermal energy storage component allowed 
the moving air to regain some of the energy that otherwise would have 
been lost. As the air removed heat from the absorber plate, the surface 
was cooled, which reduced the radiation and temperature gradient heat 
loss from the storage . In the morning the cool storage medium provided 
a large temperature difference between the rocks and the absorber-" plate. 
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The temperature differential was the driving force for a substantial 
amount of heat transfer from the back of the absorber to the thermal 
energy system. Consequently, less heat was available to raise the 
temperature of the air as it passed through the collector. As the day 
progressed with rising storage temperatures, the heat transfer through 
the back of the absorber plate decreased, and the collector air temper-
ature increased. Phillips (1978) indicated that insulation should be 
added to the back and exposed sides of the collector to reduce heat loss 
in those directions. Insulating materials, Which will withstand high 
temperature without breakdown, should be selected. However, Hall (1968) 
reported on a practical, low cost, low temperature rise, solar system, 
which omitted the insulation on the back of the absorber. The collector 
was incorporated into a 7 . 62 em corrugated steel roof on a 24.4 by 7. 9 m 
building and ventilation air was drawn under and perpendicular to the 
roof. From January 28 to February 28, 1966 the system was estimated 
to have produced 57.3 KW on a 24-hour average or a total of 4.3 kWh/ 
2 m •day. Approximately 42.2 KW of heat lost through the ceiling was 
returned to the building through the ventilating system. Outside temp-
erature averaged -2.8°C and inside temperature averaged 18.9°C during 
the study. Solar radiation intensity, collector fluid flow, and 
wind velocity appear to be the most important factors that affect the 
amount of heat gained from the steel roofing. The successful appli-
cations of these systems with different designs emphasizes the vari-
ations that are possible, whereby there exists a necessity to properly 
match each solar system to the circumstances present with the potential 
applications. 
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Kline (1978) i ndicated collector efficiency is a measure of how 
well the collector captures and converts solar radiation to useable 
heat energy plus other factors, such as duct losses and heat energy 
losses from storage. One method of calculating collector efficiency 
is by dividing energy output of the collector by the .amount of energy 
normal to the collector. Collector eff i ciency is dependent on many 
factors, including : transmittance , absorptance, and reflectance of 
the cover plate and absorber, fluid t emperature, and the conductive 
losses. Esmay , et. al . (1979) reported on a solar collector that was 
constructed t o provide supplemental h ea t f or a 5000-bird, cage-type 
layer house ~ The flat plate , single air pass, single glass glazed 
solar collector showed a direct relationship between the volumetric 
air flow rate and the instantaneous eff iciency of the collector within 
the range of air flow rates observed. Doubling the air flow rates from 
0.32 to 0 . 64 m3/ min/m2 nearly doubled the eff i c i ency from 40 to 75 percent. 
Heber (1979) i ndicated the cumulative thermal efficiencies of a solar 
energy intensifi er-thermal energy s t or age system were 19.5 and 37.3% 
3 2 3 
during tests conducted with a ir flow r ates of 6.79 m /hr·m and 18.5 m I 
2 hr•m , respectively f rom J anuary 13 to February 28, 1979 . The nearly 
two-fold increase in thermal efficiency resulted from increasing the 
total airflow by a f actor of 2. 73 . Heber (1979) noted factors such 
as wind velocit· , di urnal ambient temperature changes, and cloudy 
weather also affect ed the efficiency of the system. Thomas and Vaughan 
(1978) concluded from a study of a commercially-available collector 
that the actual environment should be considered, when estimating col-
lector performance. While effects of individual weather parameters were 
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not separated, the combined effect of higher wind speed, higher fraction 
of scattered radiation, lower solar irradiation, and larger average 
incident angles contribute to the reduction in thermal efficiency. 
The thermal performance of a solar collector is based upon 
several factors, as has been indicated. One controllable aspect of 
thermal performance is the type of materials utilized in the construc-
tion. The applications of the system should also be evaluated in 
comparison to the amount of energy output desired from the system. 
Agricultural Applications 
Production agriculture offers practical advantages for the use of 
solar heat energy because there exists ample area for solar collectors 
and a wide range of low to moderate temperature applications on most 
farmsteads, Saienga (1977) . Hellickson (1979) stated that agricultural 
crop drying and supplemental heating of livestock buildings are excellent 
examples of low to moderate temperature rise processes that are compati-
ble with solar energy . Development of economically and technically 
feasible space heating will be enhanced, if the following unique 
characteristics and circumstances of production agriculture and solar 
systems are considered in the design: 
1) agricultural processes usually require relatively low 
temperature rise for numerous applications 
2) low temperature rise solar systems normally cost less and 
have higher efficiencies 
3) heating and drying operations occur at different times of 
the year 
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4) an adequate land area exists on most farms for locating 
solar collectors 
5) adequate technical and management ability are available 
on most farms 
6) solar systems for crop drying and agricultural space heating 
can be designed to use existing air moving and control systems. 
These factors reduce complexity and cost, increase efficiency and allow 
use of a single solar system for a larger number of days per year. 
The heating demand for various buildings differ by several fold, 
b 0 0 utmost agricultural building are maintained between 18 C and 26.7 C, 
therefore space and ventilating heating are excellent applications of 
solar energy, Spillman, et . al. (1978). Confinement livestock produc-
tion requires a large amount of low-temperature energy to maintain a 
comfortable environment , especially in buildings that house young 
animals, which produce little metabolic heat but require a relatively 
high room temperature, Spillman, Robbins, and Hines (1978). In any 
animal-confinement situation, some fresh air must be admitted to main-
tain acceptable levels of moisture, dust, odor, and toxic gases. In 
many cases the energy needed to heat this incoming air composes 70 percent 
of the total heating demand, Spillman, Robbins, and Hines (1978). Esmay 
and Hall (1978) indicated solar heated air is being used for supplemental 
heating as its temperature does not necessarily have to be at or above 
the desired environmental temperature for the building. The solar heat 
is used mainly to warm outside ventilation air that would otherwise be 
brought into the building at outside temperatures during the winter. 
Thus, any solar collect ed heat used to warm the outside ventilation air 
above the existing climatic t~mperature is beneficial supplemental heat 
for the building. Milburn (1979) and Murphy, Spillman and Robbins 
(1977) indicated that a low temperature rise is adequate for heating 
ventilation air, consequently the use of solar radiation is even more 
efficient because heat loss from the solar collectors is reduced. 
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Poultry brooding houses, calf nursery, and nursery swine production 
buildings are excellent candidates for the application of solar energy 
to preheat ventilating air and reduce fuel consumption, Murphy, Spillman, 
and Robbins (1977). 
Two other examples of these numerous applications are greenhouses 
and swine farrowing buildings. A unique and beneficial aspect related 
to greenhouses is that the ventilation load can be highest in times of 
bright sunshine for maintenance of normal carbon dioxide levels and 
reduction of humidity due to increased photosynthesis and evapotrans-
priation. The ventilation load for a farrowing building is approximately 
50% larger than the conduction transmission through the building surfaces, 
Milburn (1979). 
The poultry industry is concerned about the heavy dependence on 
a single source of energy such as LP gas, especially in view of the 
major difficulty in converting poultry houses to other energy sources 
such as coal, electricity, or natural gas. Reece (1978) indicated that 
a solar heating system has been designed, built, and tested which demon-
strates that solar energy can reduce fossil-fuel requirements for 
heating broiler chicken houses in the Southeast U.S. by about 90 percent. 
The following design parameters for solar systems for poultry buildings 
in Mississippi are recommended, Reece (1978). 
1. Total flat-plate collector area of 6.8 square meters 
per 1000 chickens. 
2. Energy stored in water for use at night , with a storage 
capacity of 220 gallons per 1000 chickens. 
3. Solar energy to be applied through the ventilation air. 
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4. Energy conservation techniques such as adequate house 
insulation, precision ventilation control, and limited-area 
brooding must be used to reduce energy used for heat in 
winter to the equivalent of 30 gallons of liquified petroleum 
gas (LPG) per 1000 chickens. 
Sokhansanj and Weisbecker (1979) reasoned that heating the litter 
in a swine building using solar heat in a floor heating system might 
be more efficient than pre-heating the ventilation air and would estab-
lish a temperature gradient and moisture gradient in the same direction. 
The same principle could be applied to turkey systems, where birds are 
raised on the floor to minimize breast blisters. The litter becomes 
wet from fecal water as well as f ountain spillage. The ventilation 
rate is determined more by litter condition t han by physiological or 
pathological conditions of the bird . Therefore, methods to enhance 
vaporization of litter moisture might provide a means of lowering venti-
lation rates and thereby reducing energy expenditures. Consequently, 
it was reasoned that heating the litter with solar heat, using a floor 
heating system, might be more efficient, Jordan, et. al. (1978). 
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Crop drying is one of the most energy-intensive operations on 
the farm, ·Peterson (1977). Low temperature drying, an efficient 
process requiring temperature rises of only five to ten degrees Fahren-
heit, is an application where solar energy can provide much of the 
energy requirements, Hellevang (1979). Relatively simple, low-cost 
solar collectors can be made with reasonable efficiencies for crop 
drying, Peterson (1977). 
Hellevang (1979) reported on a multiple use solar energy inten-
sifier for providing supplemental heat for in-storage drying of shelled 
corn and for warming the ventilation air of livestock confinement 
buildings. The solar energy intensifier-thermal energy storage system 
was designed with a trapezoidal shaped collector plus a parabolic 
trough concentrator . Data indicated that the 38.3 square meter system 
collected an average of 0.21 GJ of energy per day. The efficiency of 
the solar energy intensifier system based on energy collected and 
solar energy available to the effective collector -reflector area was 
45.6% for 41 days during March and April. 
Solar grain drying facilities at Colorado State University were 
designed as a demonstration-research, scale model of a solar collection, 
drying and heat storage system for low-temperature grain drying. The 
system consists of a conventional, commercially available, air-type, 
flat-plate coll~ ·tor with a double glass cover. A centrifugal fan 
powered by a one-third horsepower motor draws the heated air from the 
collector. The air control system determines the mode of operation, 
depending on drying conditions. Approximately 125 bushels of corn at 
24 ~% wet basis moisture content were placed in a drying bin (~-foot 
depth) on October 26. In 16 days it was dried to an average of 15% 
wet basis using an airflow rate of 3 cfm per bushel. This drying 
resulted with an average air temperature rise from the collector of 
0 8.3 C, Hansen and Smith (1977). 
According to Butler (1977), the drying of peanuts, forage and 
tobacco requires substantial amounts of fossil fuel energy. Tobacco 
is second only to grain in the total energy required for drying and 
curing. Peanuts require that the moisture be removed at the rate of 
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about one-half percentage point per hour, from t he time of digging, until 
a moisture content of 10 percent or less is reached . After a short 
exposure time in the windrow the peanuts are harvested and the drying 
and curing is completed mechanically, using large quantities of LP gas. 
The increasing demand for a high quality forage , coupled with large 
round bales and small stacks of hay, has re-kindled interest in control-
led drying of hay. The forage dehydration industry is also faced with 
the non-availability of fuel for producing the dehydrated product widely 
. used as a feed additive . Butler (1977) added that the three crops 
mentioned require the equivalent of more than 400 million gallons of 
LP gas annually. Fortunately, from the viewpoint of solar energy appli-
cation, these crops require drying energy either in the summer or very 
early fall. Solar collectors used to supply heat energy to these crops 
for drying would thus be available to supply heat for human or livestock 
shelters, or for greenhouses during the winter months. 
Drying animal wastes appears to be an advantageous utilization 
of solar energy on a year-round basis, Esmay and . Hall (197~). The -· 
drying process will reduce weight, odors, pollution potential and 
possibly make the wastes easier to handle. In the particular case of 
poultry wastes, 80 percent of the waste consists of water, therefore 
the potential for weight reduction is substantial. In addition, if 
the excreta is to be dried to 10 to 15 percent moisture content for 
refeeding to birds or cattle, predrying with solar heat will reduce 
the cost of mechanical drying, Esmay and Hall (1978). 
A full scale solar heating system is now in operation at the 
USDA's milking parlor in Beltsville, Md. Proper application of current 
technology, using readily available components and materials, has been 
shown to significantly reduce demands on conventional energy sources 
in the milking parlor, which is characterized by large and uniform 
energy expenditures, Hayden and Thompson (1978). The combination of 
solar energy supplementation and plumbing modification has resulted in 
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a reduction of energy consumption from 0.62 kWh/cow-day in September of 
1975 to 0.26 kWh/cow-day in August 1977, a 58% reduction in the electrical 
energy required for hot/warm water heating. High temperatures and 
corrosion seem to be the major problems associated with the operation, 
as both destroy collectors, water lines, and pumps unless specifically 
resistant materials are utilized, Hayden and Thompson (1978). 
Alternate sources of energy need to be developed and applied 
as substitutes for high quality fossil fuels in order for the farmer 
to satisfy the d~mand for food production, as world population continues 
to increase, Saienga (1977). Solar energy is an alternate source of 
energy which has the capacity to actively compete with conventional 
fossil fuels and electrical power on the farm because of the numerous 
operations wh i ch exhibit the potential to utiliz e solar energy. There-
fore, a solar s ys tem which can supply the necessary energy to several 
agricultural operations enhances the potential f or substitution of 
solar energy for conventional energy sources. 
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The use o f solar energy as an alternate energy source for agri-
cultural appli cations has been restricted due to h i gh initial invest-
ment, Hellevang ( 1979). The development of a l ow-cost, reliable, 
multi-purpose solar system offers a potential solut i on to this problem. 
The following multiple use solar applications were suggested by Smith 
(1978) : space heating, grain drying, forage drying , and service water 
heating, while Meinel and Meinel (1977) suggested wat er distil l ation, 
swimming pool heating, electric power generation, and photovoltaic 
applications . Specific agricultural solar applications that appear to 
have good potential for being integrated into a mul t i ple-use system are: 
grain drying , farrowing barn heating, water heating for dairy milking 
parlors, livestock creep areas, and greenhouses. 
According to Smith (1978), most agricultural solar applications 
are of limited duration, ranging from as short a s on e month up to eight 
months. A solar a pplication might show excellent promise in terms of 
temperature or equipment requirements, however t he economic return on 
the investment could be poor because of low annua l utilization. Figure 
B indicates the time distributions and magnitudes of several application 
demands which might be combined t o balance annual utilization, Smith 
(1978), even though the operations would have somewhat different 
relative energy demands. Larger combinations of uses, which increas e 
the annual utilization of the s olar s ys tem wit hout adding proport i onally 
to the incremental cost of the system, would lower the overall cost 
per energy unit supplied . Therefore, the development of multiple-
purpose solar systems appears to be very compatible with economic 
feasibility of solar energy as an alternative energy source. 
Many dairies uti lize a single water heater to provide hot water 
for all purposes, Wiersma and Larson (1978) . Water is heated to about 
71°C or higher and used directly for equipment cleaning or is mixed 
with cold water for use in the milking parlor. The energy requirements 
for udder wash and st imulation in dairies that do not have automatic 
milking preparation stalls are based upon heating water from 15.6°C 
0 to 40.6 C. Wiersma and Larson (1978) indicated that solar energy could 
be used to heat a major portion of the water used in a milking parlor 
and that conventional heaters could be used to assure the availability 
of hot water at all times. 
The objective of research at Kansas State University has been 
to develop and demonst rate a solar system t hat utilizes solar energy 
for heating ventilating air in a simple and economical way. The con-
crete wall system as descr ibed on page18 is applicable to agricultural 
buildings that require both ventilation and heat during the winter. 
During a cold week in Kansas , November 29 to December 6, 1976, the 
0 
air temperature entering the building averaged 10.8 C, while outside 
air temperatures dveraged -3.2°C. The average temperature rise due 
to the solar collector was 14°C. A centrifugal fan used to move air 
through the collector provided a relatively constant airflow rate of 
3 . 2 
22 m per hour per m 
horizontal surface 
during the testing period. Solar energy on a 
2 
averaged 8516 KJ per m day, which was nearly 
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normal for Kans as during ·that period. 
Multiple use syst em components should satisfy the requirements 
of several applications . In some cases a component can be provided to 
adjust to different des ign conditions . A blower, f or examp l e, might 
be equipped with two or more speeds to meet both the f low conditions 
for drying and f or space heating . Multiple applications of solar energy 
which are access i ble at the same location site have the advantage of 
stationary collectors, Smith (1978). By determining the requirements 
of various applications, a multiple use system can be based on a reason-
ably well balanced year-round load. Variations in local conditions 
and circumstances necessitates an evaluation of data on climatic 
conditions, building requirements, solar heat collection, thermal per-
formance, and other factors, very similar to design requirements for any 
building, Smith (1978) . 
Economic Performance 
Due to t h e escalat ion of the price of conventional energy 
sources and ·lack of assurance · of conventional fue ls, ~specially at. _critical 
times for agricultural production, solar energy as an alternate energy 
source is becoming increasingly competitive with petroleum products 
and electricity . Spillman, Robbins, and Hines (1978) indicated t hat 
since the initial investment in the solar collection system is the 
main cost of ownership, the more energy the syst em can provide over itl 
lifetime, the more economical the solar system becomes. 
If proper !)' 
designed and cons t ructed, s olar h~ating and cooling of hoau PlUI ot 
applications of so lar energy are at current power costs 
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of several applications . In some cases a component can be provided to 
adjust to different design conditions. A blower, for example, might 
be equipped with two or more speeds to meet both the flow conditions 
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for drying and for space heating . Multiple applications of solar energy 
which are accessible at the same location site have the advantage of 
stationary collectors, Smith (1978). By determining the requirements 
of various applications , a multiple use system can be based on a reason-
ably well balanced year-round load . Variations in local conditions 
and circumstances necessitates an evaluation of data on climatic 
conditions, building requirements, solar heat collection, thermal per-
formance, and other factors, very similar to design requirements for any 
building, Smith (1978) . 
Economic Performance 
Due to the escalation of the pr ice of conventional energy 
sources ·and ·lack of' assurance · of conventional ·fuels, €!Specially at . .critical 
times for agricultural production, solar energy as an alternate energy 
source is becoming increasingly competitive with petroleum products 
and electricity . Spillman, Robbins, and Hines (1978) indicated that 
since the initial investment in the solar collection system is the 
main cost of ownersh ip, the more energy the system can provide over its 
lifetime the more economical the solar system becomes. If properly , 
designed and const ructed, solar heating and cooling of homes plus other 
applications of solar energy are at current power costs less expensive 
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than electric climate control under most conditions and in most 
locations in the United States, Kreider and Kreith (1975). Williams 
(1977) noted the rise in the cost of solar hardware has been accompanied 
by an even faster rise in energy costs, ther e fore the economics of 
solar energy today a re more favorable than ever as a substitute energy 
source. 
Smith (1978) indicated that, except for l ocations where one 
solar application gr eatly exceeds the other, a combined solar heating 
and cooling system yielded the highest economic return on the initial 
investment . According to Sokhansanj and Weisbecker (1979), larger 
energy savings may be obtained with a solar collector and thermal 
energy storage (42 percent) than with only a solar collector (24 percent) 
for heating a turkey barn in Minnesota. 
Kreith and Kreider (1978) reported that it is r arely cost-effect-
ive for a thermal o r mechanical system to provide all energy needs for 
a specific applicat ion. If this were to be done, the s ola r system would 
be required to provi de 100 percent of the energy demand f or the worst 
set of operating con ditions ever expected: inclement weather, maximum 
demand, and no sunshine. Williams (1977) indicated solar energy is an 
attractive alternative energy resource that can provide heating, cooling, 
and hot water at economically competit ive costs and wit hout environmental 
degradation. Kreith and Kreider (1978) noted a solar-thermal system 
differs fundamental ly from a fossil fuel or electrical energy system 
in a manner that requires an economic analysis reflecting the benefits 
accrued by solar usage throughout the lifetime of the system. Nonsolar 
systems usually have r elatively small initial costs an d relatively large 
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annual operating cos ts due to raw energy purchases. Solar systems are 
relatively expensive initially , but have relatively s mall nonsolar 
energy costs during the lifetime of th e system. The use of solar energy 
to displace foss il fuels or electricity fo r heating woul d be expected 
to have the effect of reducing air pollution, conserving scarce fossil 
fuels for use as petrochemical feedsto cks, and increasing industrial 
energy usage in the sectors providing materials for so l ar collectors. 
A large number of factors influence the feasibi l i ty of solar 
energy, Hellickson (1979 ) . Basically, these parameters can be classified 
into the following general areas: 
1) thermal performance of the solar system 
2) annua l number of days of system use 
3) size of the energy load to be provided 
4) cl.imat ic conditions 
5) economic factors 
Heber (1979) i ndicat ed that material availabiltiy, ease of construction 
and convenience should be considered in the design of a s olar system. 
Simplicity of the components should be emphasized to reduce costs, 
while still satisfying the requirements of the application . Regu1ar 
annual fixed cos ts of operating a solar system fall into five general 
categories: depreciation, interest on investment, repairs, taxes, and 
insurance. These are the actual costs associated with oper atin g the 
solar collection and distribution system. Operational costs will fall 
in 1 b d ergy Energy i n clude s the to two general categories, a or an en • 
estimated cost fo r operating motors, controls, and sensing devices used 
in the system, if t hese devices are required. Labor includes any 
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physical adjustment of the system or components and normal system 
supervision, Phillips (1978) . Kreith and Kreider (1978) reported 
local and federal governments can provide tax incentives for the adoption 
of solar systems by eliminating property taxes, initiating special tax 
credits, subsidizing solar equipment manufacturers, offering low-
interest loans, or causing grants to be made for the purchase and 
installation of solar systems. 
Kreith and Kre ider (1975) estimated the initial cost of a flat-
plate collector to be at least $75.35 per square meter, while a reflector 
can be manufactured at about $48.44 per square meter, or approximately 
two-thirds the cost of flat-type collectors. Heber (1979) reported 
the cost per unit area of the reflector component of the South Dakota 
State university solar energy intensifier-thermal energy storage system 
was significantly less than that of the collector. Th e investment 
required to receive the desired amount of radiation would, therefore, 
decrease by increasing the area of the reflector and decreasing the 
collector area . 
Baird, Waters , and Mears (1977) estimated the solar energy 
2 
collection of a greenhouse heating system to be at least 2.05 x 10 kWh 
per day per square meter of greenhouse. A fuel savings of $2.00 per 
day was estimated. Allowing $2.00 per day fuel savings, the payback 
period for the solar system would be approximately 600 days of operation. 
Research in the Department of Agricultural Engineering at South 
Dakota State Univers ity has led to the development of a solar energy 
intensifier-thermal energy storage system for in-storage crop drying 
and pre-heating the ventilation air for livestock buildings. Economic 
advantages were achieved by using a relatively large and low cost 
parabolic trough reflector to enhance a relatively small and higher 
cost collector-thermal energy storage unit. The system was designed 
to operate using the normal, continuous air flow and air moving equip-
ment present in crop drying and livestock heating processes. Research 
data, obtained under actual climatic and production conditions, are 
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Pf esented for three years, 1976 to 79, and illustrate that the system has 
evolved to the point of being or at least nearly being technically and 
economically feasib le for its multiple-use applications in East Central, 
South Dakota, Figure C. Results from 1976 to 1977 study indicate 
that the system provided approximately . 40 GJ/yr·m
2 
(4.22 x 10
11 
Btu/ 
2 yr.m ) when used 30 days for drying and 150 days for heating, while 
2 
material costs for the system were approximately $48/m • Results from 
1977 to 78 study indicate that the system provided approximately . 70 GJ/ 
yr·m2 (7.39 x 10 11 Btu/yr·m2) when used 30 days for drying and 150 days 
for heating, while material costs for the system were approximately 
2 $80/m • Result s from the 1978 to 79 study indicate that the system 
2 
provided approximately 0.82 GJ/yr·m when used 30 days f or drying and 
150 days for heating, while material costs for the system were $75.33/ 
2 m, Hellickson ( 1980). Kline (1978) indicated the economics of solar 
grain drying is an area of increased interest. Ind iana tests in 1975 
showed that solar energy collected by two, 92.9 square meter units saved 
approximately 5¢ per bushel in electrical energy costs, when compared to 
1 d · Tests at Iowa State showed ow temperature electric energy r y1ng. 
the cost of drying 3440 bushels of corn to be reduced 2¢ per bushel 
using a 23.2 square meter flat-plate collector. In the fall of 1974. 
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the Pedersen solar bin was compared with a nearly conventional low-
temperature drying bin in East Central South Dakota, which was of the 
same size and used the same size fan and heater. In the solar bin, 
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2950 bushels of corn were dried from 18.2 percent moisture to 12.8 
percent moisture with 1964 kilowatt-hours, again with no additional heat 
other than solar heat . In the low-temperature bin, 2030 bushels of 
corn were dried from 20 percent moisture to 13.5 percent moisture, using 
2067 kilowatt-hours of electricity. Kilowatt-hours per bushel per 
point of moisture removed were 0.123 in the solar bin and 0.167 in 
the conventional bin, for an apparent saving of 26 percent in electrical 
energy used . A similar study in the fall of 1975, revealed that the 
Pedersen solar bin used 0.189 kilowatt-hours per bushel per point 
removed, and the conventional bin using 0.424 kilowatt-hours per bushel 
per point for an apparent savings of 55 percent, Peters en (1977). 
Heber ( 1979) indicated that a solar energy intensifier-thermal 
energy storage system was used to heat a 20-sow farrowing barn from 
February 10 through February 28, 1979. During the testing period an 
average savings of $1.88 per day (sales tax included) was obtained 
when compared to propane and the savings of equivalent electrical energy 
was $2.05 per day (sales tax included). 
Solar energy has the potential to make major contributions to 
the energy needs of the world because solar energy is an essentially 
inexhaustible energy source, Yexley (1977) . As the production costs 
of petroleum fuels, electricity, and other energy sources steadily 
increase and solar systems improve, the economic outlook for solar 
energy continually brightens . 
RESEARCH DESIGN AND PROCEDURE 
General: 
The design of the multiple-use solar energy intensifier-thermal 
energy storage (SEI-TES) system evolved from knowledge of basic solar 
system design princ iples and agricultural applications of continuous 
low temperature heat , previous research of similar models, and the 
subsequent incorporation of new ideas. The SEI-TES consisted of a 
concentrating parabolic reflector, a triangular-shaped collector, and 
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a thermal energy storage unit. An insulated plywood duct was constructed 
to transport the air from the system to the swine house, however the duct 
was not considered a part of the system in the research analysis. Sim-
plicity, ease of construction, material availability, economics, and 
convenience were emphas i zed in the design of the SEI-TES. 
Collector-Storage Unit: 
The collector-storage unit was 9.8 m long and 0.90 m wide, with 
the sides tilted at 60° to the horizontal, Figure 1. The horizontal 
distance separating the collector from t he reflector was 2.1 m. To 
support the weight of the rocks in the thermal energy storage unit, the 
15.4 em plenum was constructed with .6 mm sheet steel on the bottom and 
top, with twelve 31.1 x 1.9 x 1.9 em angle iron supports. Four wooden 
~embers, 5.1 x 15. 2 em, were evenly placed inside the plenum along the 
entire 9.8 m length . Fourteen centimeters of fiberglass insulation 
were also placed inside the plenum to provide an approximate thermal 
resistance, R, of 7 .5 m-°C/W. 
0.61 MM SHEET STEEL-----~~ 
BLACK ABSORB ER 
3 • 1 MM X 1 • 9 X 1. 9 CM -------,'!+: 
ANGLE IRON 
1. 3 CM PL YWOOD ------HffY 
1.5 CM 
AIR SPACE 
CM 
SPAC 
FIGURE 1 . DUAL -SI DED, SOLAR COLLECTOR AND THERMAL ENERGY 
STORAGE UNIT. 
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Ten sheets of low iron, tempered glass (0.4 x 86.4 x 193.0 em), 
each encased in an aluminum wrap-around millwork and having a trans-
missivity of 90.1 percent, provided a single glazing for the collector. 
The panels were framed inside 1 .3 x 1.3 x 0.3 em angle iron . Five glass 
panels were used on each side and all seams were sealed with a silicone 
base caulking compound. The glass, having a low coefficient of thermal 
expansion, also aided in maintaining a good seal, Figure 1. 
The absorber plate was constructed of 24 gauge sheet metal, 
painted with an absorbent, high-temperature, laquer base flat-black 
paint (absorpt ivity and emissivity= 0.95 ). Plywo od (1.3 em thick) was 
used to form the openings (1.5 and 0.5 em) f or air flow behind the 
absorber plate and to serve as a support wall for the rocks in the 
thermal energy storage, Figure 1. 
Approximat ely 8400 kg (assume 39% void space) of local field rock 
were obtained for the thermal energy storage (TES) . The rock, averaging 
about 7.5 em to 16 em in diameter, was placed inside the collector from 
an opening in the top of the collector. 
Air entered the collector between the glass and absorber surface 
on both sides, travelled downward to the base of the absorbing plate, 
made a 180° turn, then flowed upward in the area between the plywood 
and absorber plate. The air then flowed through the rocks before enter-
ing the duct leading to the solar application. The spaces between the 
glass and absorber on the north and south sides were 1. 5 em and 0.5 em, 
respectively. Figures 1 and 2 illustrate the air flow path. 
Three advant ages existed in the operation of the collector-storage 
system: First back heat losses through the plywood sheets during the , 
NORTH 
GLASS 
COVER 
FIGURE 2. COLLECTOR-STORAGE UNIT, ILLUSTRATING AIRFLOW PATHS. 
day became heat gains to the TES. Also, the air removed heat from the 
back side of the absorber plate; (the back side of conventional flat-
plate collectors is normally insulated, however it is unnecessary to 
insulate the collector portion of this system). Second, continuous 
movement of ventilating air through the collector removed heat from the 
absorber plate. The surface was cooled and reduced the radiation heat 
losses from the absorb ing surface . This process conserved energy that 
otherwise would have been lost . Thi rd, during the night part of the 
heat losses from the TES through the plywood and absorber plate were 
collected by the air flow and r ecirculated into the storage unit. 
Reflector: 
The reflector consisted of four sections, three of the sections 
having a 3.0 m curved surface and a 3. 05 m width. The fourth section 
was composed of five subsections f orming a curved surface of 3.2 m and 
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a 3.05 m width . The subsections were constructed of steel sheets (7.6 mm) 
covered with an adhes ive backed, polished aluminum reflective material 
(84.2% reflectance) . The five subsections with a 2.54 em space between 
were individually adjusted to focus the sun's rays on the collector. 
The other three sect ions of reflector were constructed basically the 
same as the fourth section, however the subsections were slightly over-
lapped and riveted , therefore requiring an alterna te method of 
individual adjustment . A wooden beam (10 x 26 em) was bolted to the 
nine support posts and eight, 20 em, steel brackets located 2.08 m 
above the ground, served as the support for the 5.1 em pivot pipe 
located on the reflector assembly, Figure 3. 
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The subsect i ons of the concentrato r were manually adjusted to 
focus the reflect i on of insolation onto the collector . Tilt of the 
entire reflector section was adjusted man ually, a pproximately every two 
weeks. Since the con centrator had no means of trackin g horizontal move-
ment of the sun , the r eflector was designed t o be 1. 83 m longer than the 
collector . The extra length of the ref lector allowed the concentration 
of radiation on the north side of the TES four hours before and after 
solar noon . 
The reflector was designed and constructed wit h 1a specific 
curvature to f ocus insolation onto the north side of the collector from 
900 h to 1500 h t hroughout the heating and drying seasons . The curva-
ture of the concentrator was determined using the equat ions illustrated 
in Figure 4 . 
Ductwork and Fan : 
The ductwork (33.0 x 61.0 em) that transported air f rom the TES 
to the swine buildi ng was constructed of 1.3 em plywood insulated with 
0 2.6 em of rigid f oam (R = . 05 m- C/w) , Figure 5. A duct support was 
used to elevate the duct through a south side window into t he swine 
confinement building . Air was drawn through the TES with a .31m fan 
installed at the exhaust end of the duct. A .23 m plywood orifice 
was attached to t he fan in order to attain the desired air flow rate. 
Instrumentation : 
A hot wire anemometer was utilized to meas ure air velocities. 
Velocity readings were taken between the rock storage plywwod wall and 
the absorber plate, both ducts exiting from the TES, and the combination 
, 
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M = HORIZONTAL DISTANCE BETW EEN COLLECTO R 
POINT AND THE REFLE CTOR POINT 
D = VERTICAL DISTANCE BE TWEEN THE CO LLECTOR 
POINT AND THE REFLE CT OR POINT 
V = REFLECTOR ANGLE WITH HORIZONTAL 
G = CHANGE IN M 
F = CHANGE IN D 
PAR AMET ERS AND MATHEMATICAL RELAT IONSHIPS FOR 
DE SIGNIN G THE REFLECTOR CURVATURE. 
duct exiting into the conf inemen t building, Figure 5 . An Eppley 
pyranometer was employed to measu r e the radiation striking a surface 
tilted 60° from the horiz ontal . 
Fifty-eight, copper constantan thermocouples were placed in the 
SEI-TES system at the locations illustrated in Figure 5. The thermo-
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couples were connect ed t o a micro-processor , dat a acquisition system. A 
programmable desktop computer had been programmed to initiate temperature 
readings every hour for all .58 thermocouples plus 3 minutes of continuous 
monitoring of radiat ion prior to each hour . The t emperature and 
insolation data wer e t hen printed out each hour, in addition other 
desired informat ion which had been progr ammed for hourly calculation was 
also printed . All t hermocouples with t he exception of number 14 performed 
satisfactorily . 
Procedure: 
The SEI-TES r esearch study was conducted at the South Dakota State 
Utiiversity Swine Research Farm approximat e l y one km north of Brookings, 
South Dakota. The solar s ystem was tes t ed under actual conditions from 
March 1 through April 18 , 1980 . The s olar sys t em had been designed for 
a twenty sow and litt er farrowing hous e, however the experiment was 
conducted on a confinement barn that had a capacity for 192 finishing 
hogs. 
Total air flow was . 45 m
3/min·m2 , the north and south sides of 
3 2 "1 3/ 2 
th f f 2 6 m / min · m and • 9 m min· m , e solar collector had low rates o · 
respectively. The north side col l ector had been designed with a 
larger air flow channel, since a larger concentration of solar energy 
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was directed onto the north side. 
The collector glass, absorber plate , and reflector were washed 
just prior to the init ial experimental s t arting date; nothing was cleaned 
again during the exper iment. Since the confinement building had exhaust 
_fan~ on the south side , plywood sheets were a ttached to the bottom of 
the reflector posts to reduce dust and other contaminants on the collector 
and concentrator surfaces . Frost accumulated on the reflector and col-
lector surfaces during the night for the first t hree weeks. However, 
the early morning sun would melt the frost accumulation by approximately 
0930 h. 
A step-wise, multiple regression analys i s was used to obtain 
prediction equations f or the energy provided by the collector and system. 
During the six-week period of the experiment, several hours of data were 
not recorded for various reasons: two printer malfunctions, electricity 
failure, and human error. Therefore, some dat a were not obtained or were 
of questionable value f or analysis purposes, Appendix A. 
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Table 1. Daily insolation and normal insolation for the 35 days of 
study . 
Actual Date Daily Insolation Daily Insolation 
Day Month Day Year 1980 (kWh) (Average 1974-79)(kWh) 
1 3 1 80 267. 0 223.6 
2 " 2 II 256.0 221.2 
3 " 3 " 246.0 246.0 
4 II 4 " 70.0 231.2 
5 II 5 " 277.0 301.8 
6 II 6 II 117.0 268.8 
7 II 7 II 217.0 281.2 
8 II 8 II 225.0 247.2 
9 II 9 II 247.0 293.2 
10 II 10 II 277.0 272.4 
11 II 11 II 90.0 156.2 
12 II 12 " 29.0 254.6 
13 " 13 II 257.0 206.6 
14 It 16 II 178.0 294.6 
15 II 17 II 230.0 201.6 
16 II 18 " 221.0 193.6 
17 " 19 II 191.0 245.0 
18 II 20 II 82.0 199.0 
19 II 26 II 33.0 253.6 
20 " 27 II 197.0 254.0 
21 II 28 II 34.0 183.6 
22 II 29 II 48.0 201.0 
23 II 30 II 106.0 265.2 
24 II 31 II 232.0 284.8 
25 II 1 II 66.0 255.4 
26 II 2 II 155.0 301.6 
27 II 3 II 51.0 249.2 
28 II 7 II .81.0 250.4 
29 II 8 II 15.0 267.2 
30 II 9 II 192.0 320.4 
31 II 11 II 242.0 240.4 
32 " 15 " 211.0 309.6 
33 " 16 " 64.0 306.0 
34 " 17 II 216.0 264.6 
35 II 18 " 211.0 211.4 
Average 160.9 250.2 
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Table 1. Continued . 
Daily Insolation SEI-TES Airflow 
Day Month Day Year 1980 (kWh ) (m3/min · m2) 
1a 7 13 80 433.32 . . • 45 
2b " 14 II 365.47 . 67 
3c " 16 II 436.35 .77 
4d " 18 II 382.30 • 85 
4e " 22 " 438.67 .22 
RESULTS AND DISCUSSION 
The results include overall collector and system performance, 
rock storage analysis, and economics of the SEI-TES system. Since the 
reflector was longer than the collector, a portion of the focused 
strip of insolation did not strike the collector. The total radiation 
and efficiency values were based on the effective length of the reflec-
tor (9.8 m), or that length which concentrated radiation onto the 
collector at any particular time. Unit cost of the system is also 
presented on the basis of this same area. The data collected for the 
evaluation of swine house heating with the Solar Energy Intensifier~ . 
Thermal Energy Storage (SEI-TES) system are present ed in Appendix C. 
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The perio d of evaluation for the SEI-TES was from 0100 h March 1, 
1980 through midnight April 18, 1980. The days used for analysis are 
listed in Table 1. 
2 
The average, daily insolation on the 38.3 m system for the 
thirty-five days of data collection was 160.9 kWh, which is considerably 
lower than the average, 250.2 kWh, of the previous six years for the 
same time period. The maximum solar radiation, 277 kWh, occurred on 
days 5 and 10. Minimum solar radiation, 15 kWh, was received on day 
29. Solar radiation l evels exceeded 250 kWh on five days, but were 
less than 100 kWh on 12 days. The lower than normal insolation values 
Will be related to solar system performance later in this section. 
Figure 6 illustrates the daily variation in insolation for the test 
period. 
Average solar collector an d system temperature rises for the 
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study were 8.6 an d 5.8 C, respectively, Figure 7 indi cates the large 
variation in average daily temperature rise and the direct relationship 
between daily ins olation and temperature rise. The average system 
temperature rise was approximately 0.3°C higher than t he design temper-
ature rise, even though radiation levels were 35.6 percent lower than 
normal. The maximum collector temperature rise occurred on day 31 when 
3 0 0 3.6 C was recorded, the minimum collector temperature rise, 0.8 C, 
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occurred on day 29 . The reason for this large difference is that day 31 
was extremely clear and relatively quiet, whereas day 29 was overcast 
with some rain occurring. An average daily collector temperature 
rise of 10°C or larger was recorded on 17 days, however an average 
0 daily system temperature rise of 10 C or larger occurred on only 3 days. 
The smaller magn itude of the temperat ure rise of t he air entering 
the swine building (system temperature rise), as contra s ted with solar 
collector temperature rise, is due to the storage mass o r thermal 
inertia provided by the rock storage. This is analogous to the "fly-
wheel effect" associated with rotational systems and is an essential 
system component , since it improves system efficiency by distributing 
the energy supplied over an extended time period. Average daily output 
of the solar collector was 79 .3 kWh and the average daily output of 
the solar system was 60.3 kWh for the 35-day study . The maximum daily 
energy output from the solar collector was 156.2 kWh on day 10 while 
the maximum output of the solar system was 144.3 kWh also on day 10, 
Figure 8. The output of the solar collector is the input to the system 
and the difference in the output of the collector and the system repre-
sents J.osses in therna.l energy storage. However, Fig·Ire 9 • which 
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presents an average of the solar sys tem performance for the study, 
indicates that solar energy was being collected after sunset (until 
approximately 2300 h) . Energy co llected after sunset is actually 
energy supplied by conduction hea t transfer f rom the rocks through 
the plywood structural support into the collector airflow and subsequent 
circulation back into the top of the rock storage (note the collector 
air flow pattern , Figure 2 ) . This tends t o develop an overly high 
value for energy provided by the solar collector and indicates higher 
than actual losses from the thermal energy storage unit. This unique 
feature of the SEI-TES system makes it difficult t o positively determine 
daily energy output of the solar collector, but does allow a system 
design that reduces cost by elimination of insulat ion of the solar 
collector portion of the system, tvhile still ma intaining good thermal 
performance characteristics. 
The following highly significant relat ionships were developed 
for predicting energy output of the solar collect or from incident 
solar radiation: 
where: 
E = -.181 + .520Ih c 
2 
E = .186 + .268Ih + . 00822Ih c 
2 
E = .2 78 + . 116Ih + . 021Ih -c 
E = collector output , kWh 
c 
.77 
• 80 
3 
.000245Ih . 81 
Standard Error 
of Estimate 
2.10 
1. 93 
1. 91 
· ~.solar radiation incident on the s olar collector, kWh 
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The third degree polynomial accounts for a larger amount of the 
variation in collector output and more realistically represents the 
physical phenomena of a low energy output at low insolation levels 
(due to larger quantit ies of diffuse energy) and a decreasing rate 
of energy output at the higher insolation values (due to the resulting 
higher temperature rises and increased system heat losses), Figure 10. 
The second degree polynomia l represents the physical phenomena of low 
energy output at low insolation levels, however it fails to indicate 
increased system heat losses when higher temperature rises occur in 
the system. The third and second degree polynomials are more complex 
than the direct linear relationship and the increased accuracy in both 
cases is not warranted under most situations. Therefore, the direct 
linear relationship is recommended for design applications. The linear 
relationship indicat es that, if 19 kWh of incident radiation strikes 
the collector , the equivalent of 9. 7 kWh of energy would be added to 
the TES. 
Predicting system energy output is perhaps an even more important 
aspect than collector output because it allows determination of the 
amount of energy added to the ventilation air of the swine building. 
The following highly significant, direct linear relationship, Figure 
11, predicts the daily output of the solar system. 
E
8 
= - 5.0 78 + .409Id 
where: 
E
8 
= daily syst em output, kWh 
Id • daily solar radiation incident on the solar collector, kWh 
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It accounts for 77 percent of the variation in the system output and 
has a standard error of es timate of 13.37. On an average January day 
in East Central South Dakota 225 kWh of solar energy would strike the 
SEI-TES and it is estimated that 86. 3 kWh would be added to the venti-
lation air of the swine building. Th is is approximately 41 percent of 
the supplemental heat needed f or a 20-sow farrowing barn assuming 
0 average daily temperature, - 9 . 4 C, January. The analysis of variance 
tables for the preceeding relationsh ips are listed in Appendix A. 
Again, assuming 225 kWh strikes the SEI-TES and the collector and system 
provide 116.8 kWh an d 86.3 kWh of energy, r espectively. A portion of 
the 30.5 kWh difference in energy collect ed and energy supplied by the 
system · to the ventilat i on air is energy l os t from the TES. 
Although a port ion of the energy collect ed is lost from the 
thermal energy storage unit , a time delay between capt uring the solar 
energy and supplying the energy to the heating applicat ion is a necessary 
and vital function of the thermal energy s torage . The time delay 
provided by the thermal en ergy storage is i llustrated in Figure 9. 
Maximum insolation occurs a t approximately 1200 to 1300 h while the 
maximum output from the coll ector is at 1300 h and the peak output of 
the solar system is between 1400 ·and 1500 h . Also, the solar system 
continues to provide en ergy to the vent ilat i on air until approximately 
700 h the--following day . For instance, 1.8 , 1.1, 6.1, 2. 7, and 1. 7 kWh 
are being provided at 0100, 0500, 1600, 2000, and 2400 h, respectively 
from the system. Consequently, the energy is provided during the ti~e 
of the day when it is most needed. This is particularly important 
during late fall and early spring periods of system utilization. The 
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FIG'URE 11. ENERGY SUPPLIED BY THE SYSTEM AS INFLUENCED BY DAILY INSOLATION ON THE 
SYSTEM. 
characteristics of the curves in Figure 9 indicate that the volume of 
the thermal energy storage (approximately 4.85 m3/m2) was too small 
since the solar system output peaks so early in the afternoon. A 
larger rock volume would decrease the maximum thermal storage temper-
atures and would increase energy output throughout the nighttime hours, 
which would make the system more energy efficient for this type of 
application . 
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Uniform air flow t hrough the thermal energy storage is essential, 
if maximum utilization of t he thermal mass is to be achieved. The 
heating and cooling of the thermal energy storage commenc·es at the top 
or air inlet sect ion of the storage, Figure 12. This is a typical 
heating/cooling profile f or a "s ingle pass" thermal energy storage. 
Typically the upper layers of rock have the highest temperature rise, 
heat up the fastest in the morn i ng and subsequently cool down the 
fastest in the evening . Temperatures at the entrance to the TES exceed 
temperatures at lower leve l s ,from 700 to 1600 h, while the temperatures 
of the rocks in the bottom of t he TES are higher than the other levels 
from 2400 to 700 h, respectively . 
Figures 13 through 17 illustrate the temperature profiles at 
three sections along the length of the thermal energy storage at 100, 
700, 1000, 1100, 1200, 1300, 1400, 1600, 1900 and 2200 h, respectively. 
The uniformity of the temperature within each section at each of the 
four elevations for all periods of observation indicate relatively 
good air flow distribution through the storage cross-section. This -· 
is important if effect ive utilization of the entire rock volume is to 
be achieved. 
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Beginning with the 1000 h illustration, Figure 13, it can be 
noted that the temperatures at the top of section 1-1 are higher than 
the temperatures at the same location in sections 2-2 and 3-3. This 
same characterist ic is noted until 1600 h, Figures 14, 15, and 16, which 
indicates non-uniform airflow along the length of the solar collector 
and thermal energy storage. The areas of higher temperatures corre-
spond to lower airflow rates. The non-uniform airflow at the three 
cross-sections was caused by the difference in pressure drop due to 
placement of fan with respect to the outlet s from the TES. The largest 
pressure drop existed at section 1-1 due to the largest distance from 
the fan, whereas the increased pressure drop caused the least airflow 
rate and correspon ding higher temperatures. The non-uniformity of 
airflow caused less than optimum utilization of the rock storage. This 
problem could be corrected by installing the fan at an optimum position 
between the outlets of the TES or by increasing the cross-sectional 
area of the outlet plenum. 
The average daily system efficiency for the SEI-TES system for 
the 35 days of operation was 38.4 percent . This efficiency is based 
on the total solar radiation received during the day and the energy 
provided to the ventilation air by the solar system. This represents 
the energy leaving the TES as useable energy for pre-heating the 
ventilation air for the swine building. The highest daily efficiency 
achieved by the system was 59 percent on day 29 and the lowest efficiency, 
4 percent, occurred on day 12. The efficiency of the SEI-TES was 40% 
or higher for 16 days during the study and was 20% or lower for 2 days. 
Considerable variation in efficiency, Figure 18, was noted for the 
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system. Daily compar isons between the amount s of solar radiation avail-
able, Figure 6, and the daily system efficiency, Figure 18, indicate 
that higher eff iciencies were a chieved on days with larger amounts of 
insolation . This is partially explained in that this system has a 
reflector that constitutes approximately 78% of the intercepted area of 
the system. A reflector does not concentrate diffuse energy, and days 
with low insolation quant it ies have higher percentages of the energy as 
diffuse radation. Figure 19 illustrates the average hourly efficiencies 
of the collector and system. The efficiencies are analagous to the 
energy outputs of the collector and system at t he corresponding hours, 
Figure 9. Wind also influences solar system efficiency , an increasing 
wind speed increas es convective heat l oss from the collector. No 
attempt was made to quantify the influence of wind on system perform-
ance in this study. Since the thermal energy storage system can carry 
energy collect ed from one day over for use the following day, the 
previous day's insolation level may also influence daily solar system 
efficiency. The adverse effect of large quantities of diffuse energy 
on system performance is not particularly alarming, since normally a 
large percentage of the solar radiation in this area is of the direct 
beam type . Available energy from the system not only depends on the 
insolation but other factors such as rock storage and airflow rate. 
' 
Airflow rate was altered through the SEI-TES, Tab le 1, so that conse-
quent effects on the system could be analyzed. 
Lines of best fit were visually drawn through the data points 
to better illust rate the effect of airflow rate on system efficiency, 
temperature rise and pressure drop or static pressure, Figure 20. 
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Static pressure increased rapidly, sys tem efficiency increased 
moderately with in creasing airf low over the range from . 22 m3/min·m2 
t 85 m3/min· m
2 • Ai fl 3 o • r ow rat e during the 35-day s tudy was .45 m I 
2 
min•m and corresponding static pressure was nearly equal to the 1/8 
inch of water no rmally used for design of mechanical ventilated live-
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stock buildings. Airflow is an extremely difficult parameter to measure 
precisely due to the sensitivity of instrumentat ion and possible error 
in procedure. Th e solid curves were approximated so that a more 
legitimate representation of effects on the collector an d system as 
a result of varying airflow could be analyzed. 
Ana lyzing an agr icultural solar system 's performance and economics 
requires characteristics and pertinent parameters unique t o the parti-
cular solar system and application. The information in Table 2 
summarizes the design and performance characteristics of the SEI-TES 
system. This info rmat ion is presented to allow direct comparison of 
the thermal and e conomic performance of this system with ot her solar 
systems used for similar purposes. 
On January 15, 1981 , the prices of propane gas an d e l ectricity 
were $.16 per liter ($.61/gal) and $.03 per kWh, respect ively. The 
SEI-TES provided 60 .3 kWh per day during the 35 day study , however corre-
lating the weather conditions during the 35-day experiment to the normal 
weather condit ions in Brookings from October through March, t he SEI-TES 
is predicted to provide an approximate daily average of 59 kWh for the 180 
days of operation. Therefore, based on the current price of propane, __ and 
a heater efficiency of 100 percent, an average savings of $1.44 per day 
(sales tax included) is expected . The savings of equivalent electrical 
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energy is $1.90 per day (sales tax included) . Material costs for the 
SEI-TES were approximat ely $2500 (Appendix B) . Considering propane as 
the conventional fuel and at an inflation rate of 13 percent, it would 
require approximately seven years for the SEI-TES to repay the initial 
expense in terms of equivalent propili~C energy cost s. Again, assuming 
a 13 percent inflation rat e, it would r~quire approximately six years 
for the SEI-TES to repay initial cos ts , based on equivalent electrical 
energy expenses . 
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Table 2. Summary of solar system design and performance parameters. 
COLLECfOR FLOW 
AGR. FLOW 
COLLECfOR AREA 
NO. OF AGR. UNITS 
EXPECfED ANNUAL USE 
AVG . SYSTEM t:.T 
AVG. EFF.: COLL. : 
SYSTEM: 
ENERGY COLL. : 
PROVIDED: 
PRO. PER AGR. UNIT: 
EQUIVALENT FUEL COST: 
ECONOMIC EQUIVALENT: 
SYSTEM COST : 
LIVESTOCK BUILDING 
HEATING 
4
.
5 
31 . 2 · •. m mJ.n.• m 
. . . 3/ . 2 
· • 4 5. m .min· in 
2 
38.3 m 
one 
180 days 
5.8°c 
47.5% 
38.4% 
79.3 kWh 
60.3 kWh 
20 sow and litter 
Propane: $.16/i Elec.: $.03/kWh 
Propane: 
2 $244/season·m Elec.: 2 $326/m ·season 
$2500.00 
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CONCLUSIONS 
The following conclusions were reached as a result of this study: 
1. The average difference between collector and outside temperature 
0 
was 8.6 C for t he study from March 1 through April 18, 1980 . Likewise, 
the average da ily system temperatur e difference was 5.8°C. 
2. The efficiency of the syst em was higher on clear days than 
on overcast days or during periods with large quantities of diffuse 
radiation . Maxi mum and minimum effic i encies of the system were 59.3 
percent and 3 . 8 percent, respectively and average daily system effici-
ency was 38.4 percent. 
3. The average peak efficiency of the collector, 56 percent, 
occurred at 1400 h. The collector provided maximum energy of 13.2 kWh 
to the syst em at 1300 h and maximum energy, 6.2 kWh, to the ventilation 
air at 1400 h . Average maximum solar energy available was 22.8 kWh at 
1300 H. 
4. The collector provided 79.3 kWh of energy on an average 
daily basis during the experimental study . The system provided 60.3 kWh 
of energy on an average daily basis . 
5. A highly significant, direct , linear relationship accounted 
for 77.0 percent of the variation in t he energy provided by the system 
based on the daily radiation perpendicular to the SEI-TES. 
6. Highly s ignificant, first , second, and third degree prediction 
equations, which a ccounted for 81. 0, 80.0, and 77.0 percent, respectively 
of the variat ion in collector energy output, were developed as a 
function of hourly incident radiation. 
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SUMMARY 
Agricultural processes provide excellent applications for solar 
energy. Th is becomes increasingly important a s costs and unavailability 
of non-renewable energies increase. A need exists to develop and 
improve the desi gn of solar energy systems. A study was conducted at 
South Dakota State University to evaluate the design and performance 
of a Solar Energy Intensifier- Thermal Energy St orage system as a 
possible source of energy for various agricultural applications. 
The data collected were temperature, airflow, and insolation 
from March 1 through April 18, 1980. An average of 60 . 3 kWh of energy 
was collect ed by the system during the 35-day study . The average 
daily efficiency of the system based on energy collected and the amount 
of solar r adiation available was 38.4 percent. Statistical analyses 
were ut i l i z ed to develop highly significant relationships between 
the energy available from both the collector and system based on the 
amount of s olar energy available. 
The initial material expenses for the SEI-T ES were approximately 
$2500 and t he energy supplied by the system was equivalent to 60.3 kWh 
of electricity per day or 8.5 liters of propane gas per day . Assuming 
this rate of energy delivery on a daily basis for six months out of 
the year, the payback period for initial material costs of the SEI-TES 
would be approximately six and seven years in comparison to equivalent 
electrical an d propane energy expenses. respectively . 
RECOMMENDATIONS FOR FUTURE RESEARCH 
After analysis of the dat a collected on the performance of 
the Solar Energy Int ensifier-Therma l Energy Storage system, this author 
offers the· following suggestions for future improvement on the design 
and construct ion of the system. 
1. A more unifo rm airflow pattern needs t o be developed in the thermal 
energy storage . The portion west and including section 1-1 of the 
TES indicated the poorest airflow pattern, therefore position of 
system out lets or fan need to be optimized. 
2. Reflective mat erial on the concentrator started to bubble around 
riveted areas late in the study. Possibly a better reflective 
material and method of attaching the material to the concentrator 
skeleton should be researched. 
3. A glazing material for the thermal energy storage system other than 
low iron glass should be researched in hope of decreasing the cost 
of the system . 
4. The design of the collector bas e should be reviewed. Since heat 
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energy loss es from the TES to the ground are minimal, possible 
re-des ign of the supportive base could reduce cost of the collector. 
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APPENDIXES 
APPENDIX A 
ANALYSIS OF VARIANCE TABLES 
Table A- 1. Ana l ysis of Variance for Collector Energy (E ) for the 
Study. Independent Variable= I ncident Radi~tion (I ). 
H 
Estimate: E .278 + 2 - .000245 13 = .116 IH + . 021 IH H c 
R2 = • 81 n = 840 hours 
Source DF ss 
IH 1 26,478.0025 
12 1 574.191 
H 
13 
H 
1 59.504 
Residual 836 3064.363 
2 
Estimate: Ec = .186 + .2 68 IH + .00822 IH 
n = 840 hours 
Source DF ss 
1H 1 
26,478.0025 
12 1 574.1910 
H 
Residual 837 3123.8675 
Estimate: E = -.181 + . 520 IH c 
R
2 
"" • 77 n = 840 hours 
Source DF ss 
IH 1 
26,478.0025 
Residua l 838 3698.0585 
** Significant at the 1% level 
Energy in kWh 
MS F 
26, 478.0025 7223.572 
574.191 156.647 
59. 504 16.234 
3. 6655 
Energy in kWh 
MS F 
26,4 78. 0025 7094.476 
574 .1910 153.849 
3. 7322 
Energy in kWh 
MS F 
26,4 78 . 0025 561.523 
4.4130 
93 
** 
** 
** 
** 
** 
** 
Table A-2. Analysis of Variance for System Energy (E ). Independent 
Variable = Daily Incident Radiation (I
0
). s 
Estimate: E 
s 
Source 
ID 
Residual 
-5.71 + .41 1
0 
n = 35 days 
DF ss 
1 42,513.8596 
33 5903.333 
** Signif icant at the 1% level 
Energy in kWh 
MS 
42,513. 8596 
178.8892 
F 
235.6547 ** 
94 
APPENDIX B 
MATERIAL COSTS OF SOLAR ENERGY 
INTENSIFIER-THERMAL ENERGY STORAGE SYSTEM 
Table B-1. Costs of the Reflector Materials. 
Quantity 
10 sheet s 
26.82 m 
21.9 m 
18.29 m 
60.96 m 
48.77 m 
24.38 m 
64.01 m 
110 kg 
9 
9 
2 
3 
2 
Description Unit Price 
$ 
22 gauge sheet steel (1.22 x 3.05m) 17.50 
Flat iron (.32 em x 12.7 em) 1.96 
Pipe (5.08 em) 4.00 
Channel iron (1. 91 x 0.95 x 0.32 em) 0.99 
Channel iron (3.81 x 1.27 x 0.32 em) 1.17 
Angle iron (3.18 x 3.18 x 0.48 em) 1.17 
Angle iron (2.54 x 2.54 x 0.48 em) 1.10 
Reflect ive material (0.61 mm) 4. 87 
Mounting brackets 
Miscellaneous: 
Bolts , rivets, nuts, clamps , na ils, etc. 
Welding rod 
Cutting charges: 
Angle iron 
Sheet steel 
Wooden posts (5.0 em x 25 .4 em x 
6.1 m) 
Brace boards : 
(5.0 em x 15.2 em x 3.05 m) 
(5.0 em x 25.4 em x 3.05 m) 
(5.0 em x 25.4 em x 6.10 m) 
(5.0 em x 10.2 em x 6.10 m) 
0.23 
51. 00 
6.15 
8.25 
16.50 
5.93 
Total Price 
$ 
175.00 
52.64 
87.60 
18.10 
71.46 
56.83 
26.86 
311.64 
30.12 
25.00 
25.00 
25.00 
16.00 
459.00 
56.35 
16.50 
49.56 
11.86 
96 
97 
Table B - 1. Continued 
Quantity Description Unit Price Total Price 
$ $ 
9 (5.0 em x 10.0 em x 1. 52 m) 1.49 13.41 
4 (5.0 em x 10.0 em x 3.66 m) 3.56 14.24 
Total Reflector Cost • • • $1,561.11 
98 
Table B-2. Costs of the Collector Mat erials .· 
Quantity Descr i ption Unit Price Total Price 
$ $ 
10 sheets Low iron tempered glass 
(0.4 x 86.4 x 193 . 0 em) 24.98 2 49. 84 
20 sheets 24 gauge sheet steel (1.22 x 2. 44 m) 11.20 224.00 
1 sheet 22 gauge sheet steel (1.22 x 3. 05 m) 17.50 17.50 
57.9 m Angle iron (1.91 x 1. 91 x 0.32 em) 0.65 37.44 
39 m Angle iron (1.27 x 1.27 x 0.32 em) 0.54 21.16 
1.52 m Channel iron (1.91 x 0.79 x 0.32 em) 0.69 1.05 
13 sheets Plywood (1.27 em x 1.22 m x 2.44 m) 10.24 133.12 
16 boards Lumber (5.08 em x 15.24 em x 2.44 m) 3.49 55.84 
53.34 m Fiberglass blanket insulation 0.69 36.73 
(15 .24 x 30.48 em) 
4 liters Black absorber paint 20.00 20.00 
Cutting charges: 
Angle iron 30.00 
Sheet steel 20.00 
Miscellaneous : 
Bolts, screws, nuts , duct tape, wire, etc. 45.00 
Silicone base caulking compound 32.00 
10 kg We l ding rod 0.23 
2. 30 
Delivery of field rock 10.00 
Tota l Reflector Cost . $935.98 
APPENDIX C 
SOLAR RADIATION AND TEI-1PERATlJRE DATA 
TABLE C. I~CIDENT ~OLAR RADIATION ON 1\ 60 !>CCRF!C SURP'ACe A~D TC~PCRATURCS MONITORED 1\T LOCATIONS IN FIGURe 5 
------------------------·-------------------------------------------------------------------------------------------------·---
P'iRA:lOMF:TE R (P'iRI\) READINGS, KWH, AND TBMPERATURES,C, II.T LOCATION NU:-IBER 
------------------------------------------------------------------------------------------------------------------------------
Dfl'i HR PYRI\ A·1n l1 1n 19 21 22 23 24 25 26 27 28 29 3u 31 32 33 51 52 53 54 57 
(HHch ~nd l\ori1 1 ')8) l 
------------------------------------------------------------------------------------------------------------------------------
1 1 o.no - 2J - 22 -22 -21 -21 - 21 - 21 -17 -17 -1 G -12 -8 -7 - 14 -11 -6 -10 -18 -17 -17 -17 -21 
1 2 0 . 0 ~ - 20 -2 2 -22 -2 2 - 21 . ·-21 -21 - 15 -1 a -17 -13 -9 -9· -15 -12 -7 -11 - 18 - 10 -18 -18 -21 
1 3 ~.00 - 20 -27. - 22 -22 -22 -22 - 22 - ~1 -1 9 - 18 -15 -10 -10 -16 -7 B -a -12 -19 - 18 -19 -18 -21 
1 4 o.n~ -20 - 21 -23 -2 2 -22 - 2 2 - 22 -20 -20 -1~ -16 -11 - 11 -17 - 15 -9 - 13 -2 0 -19 -H -19 -2 2 
1 5 0. 00 - 2 1 - 23 - 23 -23 - 22 - 22 - 22 -2 0 - 20 - 20 -17 -13 -13 -1 8 -16 -10 - 14 -2 0 -19 -19 -19 -22 
l 6 0 • IJO - 21 -23 - 23 - 23 - 22 -22 -22 -21 -21 -2 0 - 17 -14 -14 - 10 -16 -10 - 15 -20 -19 -19 -19 -22 
1 7 0.01 - 21 -23 - 24 - 23 - 23 - 22 -22 - 21 -21 -21 - 18 -15 - 15 - 19 -17 -11 -15 -20 -20 -20 -20 -22 
1 8 8 . 00 -14 -21 -21 -1? -16 - 20 -2~ -21 -H -2 l -19 -16 -2 -11 -18 -12 -1 6 - 20 - 19 - 19 -1 9 -1a 
1 , 1.., . 0·) -6 0 -7 -4 -1 -6 - 25 - 15 - 7 - 17 -18 - 17 -15 -19 - l.S -13 - 15 -H - 13 -11 -14 -1 
1 10 22. 00 -7 20 12 1) 13 11 a -4 -6 -6 -11 -15 - 11 -16 - 16 -14 - 14 -4 0 -5 -5 15 
1 11 3 4. 00 -6 24 41 27 20 30 27 13 B 3 -1 -9 -4 - 12 -12 -12 -1 2 5 10 4 ) 32 
1 12 38. 00 -4 2~ 47 3 3 25 36 32 25 1? 20 9 -1 5 - 6 -6 -a - 9 14 1, 12 ? 37 
1 1) 3~. 0 0 -s 25 7. •1 35 27 4l 33 33 26 26 10 7 13 -1 -1 -3 -s 18 27 17 1 4 36 
1 14 )7.00 -5 20 ~7 35 27 41 33 ]9 30 JO 24 lJ 19 5 4 l -2 20 3l 21 17 )7 
1 15 32. 00 -5 l4 ) 3 )0 25 36 25 41 Jl 30 2, I 9 23 9 10 4 3 2 3 3l 2) 18 2S 
1 lG 25.0 ~ -G 12 20 22 19 27 1? 38 27 27 3l 22 26 13 13 8 5 22 27 21 17 22 
1 17 15.00 -6 9 2 13 10 15 9 33 24 22 30 24 26 15 14 11 7 18 21 16 13 12 
1 1 B 2. 00 -B -5 -7 -1 -3 ) -2 26 17 l4 27 24 23 13 14 10 8 12 10 9 7 -) 
1 1? 0 . 00 -9 -n -10 -5 -7 -3 - 4 20 11 10 23 22 19 10 l3 9 7 7 4 5 2 -6 
1 20 0.00 - 3 
_, 
-10 -6 -a -5 -5 12 7 7 18 20 1 6 7 10 8 6 2 0 1 -1 -7 
1 21 0. 00 -10 - 10 - 11 -8 - 9 -B -3 6 1 5 13 17 14 4 8 7 4 -1 -2 • 2 -) -9 
1 22 0.00 -11 - 12 -12 -9 -10 -10 -9 1 0 2 8 14 12 1 5 7 3 -3 -4 -4 -5 -9 
1 23 0.0) -1 1 - 12 -13 -10 -1 0 -11 -11 -3 -3 -1 4 11 10 -1 3 6 3 -5 -6 -5 -6 -10 
1 24 0.00 -11 -13 -13 -11 -11 -11 -11 -5 -5 -) 1 8 8 -3 1 5 2 -7 -6 -6 -7 -ll 
2 1 o.no -12 -14 -14 -12 -12 -12 -12 -7 -7 -5 -1 6 6 -4 -1 4 1 -8 -7 -8 -8 -11 
2 2 0. 00 -12 -1 4 -11 -12 -17. -lJ -13 -0 -8 -6 -3 3 4 -6 -2 3 -5 - 9 -8 -9 -9 -12 
2 l 0.00 -12 -14 -14 -12 - 12 -12 -12 -9 -9 -7 -5 1 3 -7 -3 2 -1 -10 -3 -9 -9 -11 
2 4 0 . 00 -11 -13 -13 -12 - 11 -12 - 12 - 10 -10 - 8 - 6 -1 1 -7 -4 2 - 2 -10 -9 -9 -9 -11 
2 s 0. 00 -12 -1~ -14 -13 - 12 -13 -12 - 10 -10 -'} -7 -2 -1 -a -6 1 -3 -10 -9 -10 -10 -12 
2 6 0. 00 -12 -14 -14 -13 -13 -13 -13 - 11 -11 -10 -8 -3 -2 -9 -6 0 -4 -11 -10 -10 -10 -12 
2 7 0 . 00 -12 -1 4 - 14 -1 4 -1 3 - 13 -13 -11 -11 -11 -9 -4 -3 - 9 -7 -1 -s -11 -10 -11 -11 -lJ 
2 a 3 . 00 -10 -12 - 12 -9 -7 -11 -11 -12 -1 2 -11 -9 -6 -5 -10 -a -2 -5 -11 -9 -10 -10 -9 
2 9 16.00 -9 5 0 2 3 1 0 -8 -5 - 8 -9 -7 -> -9 -a -3 - 5 -6 -5 -7 -7 7 
2 10 24 . 0') -5 4 9 10 11 7 6 -1 -2 -2 -5 -6 -4 -8 -7 -4 -4 -1 3 -1 -2 lJ 
2 11 30.00 -2 10 29 19 19 17 15 7 5 6 1 71 0 -5 -5 -3 -3 5 10 5 4 2) 
2 12 37 . 0~ -1 22 46 31 28 30 ~6 19 15 15 9 2 7 -1 -2 -1 -1 13 20 13 11 )4 
2 lJ 3 3. 00 1 24 34 35 Jl 39 J3 28 23 23 l7 8 13 3 3 2 1 18 27 19 16 3G 
2 14 3>.00 2 24 4') B 33 40 34 3S 29 29 24 14 19 9 7 6 4 21 32 2J 20 40 
2 1> 31.00 3 21 37 36 32 37 30 39 11 3l 29 19 24 12 12 9 7 24 34 26 22 JG 
2 16 21.00 J 10 29 JO 27 33 2~ 39 30 30 32 23 27 16 16 13 9 25 32 26 22 30 
2 17 13. 00 3 10 11 21 18 24 17 37 2 9 28 31 25 20 18 18 13 12 22 27 22 19 19 
2 18 1. 00 1 6 1 a 6 11 9 ·32 25 24 29 25 25 1 7 18 12 12 17 11l 16 lJ 6 
2 19 0. 00 0 3 0 5 2 6 6 26 23 22 26 25 23 15 l7 13 12 13 12 12 9 ) 
2 20 o.oo -1 1 -1 3 1 3 3 19 19 18 22 12 21 13 15 l2 11 10 9 9 7 1 
2 2;. 0. 00 -1 -1 -2 1 0 1 1 14 15 15 19 21 19 10 l4 12 10 7 6 6 5 0 
2 22 0.00 -2 -2 - 3 0 -1 -1 -1 10 11 . 12 16 19 17 8 12 12 9 5 5 5 3 -1 
2 23 O.Ov -3 -3 -4 -2 -2 -2 -2 7 8 9 13 17 15 6 10 11 8 3 3 3 2 - 2 I-' 0 
2 H 0.00 -3 -4 -5 -3 -2 -3 -3 s 7· 7 10 l!i 13 s 8 ll 8 1 2 2 1 - 3 0 
TAOL!! C. I~C I O !!NT SOLAR RAry iATIO~ ON A 60 OE:G RE & SURFACE AND TP.~P&RATUR&S ~ONITOR&O AT LOCATIONS IN P'IGUR& s 
--- ------------------------------------------- -------- ---------------~-------- ------- -------- ---------------------------------
PYR I\tiOM!':T ER (PYM) REAO HIGS, R'Afl, AND TEMP!!RATURES, C, AT LOCATION NUMBER 
------------------------------------------------------------------------------------------------------------------------------
MY IHI PY TUI A:10 17 18 19 21 22 23 24 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
(Ma rch and flnril 19 80 ) 
------------------------------------------------------------------------------------------------------------------------------3 1 o. oo -4 -5 -6 -4 -3 -4 -~ 3 4 s s 12 11 3 6 10 7 . o l 0 0 -4 
) 2 0.00 -5 -s -6 - s -4 -( -s l 2 3 6 10 9 2 5 9 6 -l 0 -1 -1 -4 
3 3 o.no -4 -5 - 6 -s -4 -5 -5 0 1 l 4 9 8 l 3 B s -2 -1 -1 -2 -4 
3 4 0.00 -4 -6 - 6 - 5 -4 -5 - 5 - 1 -1 0 3 7 6 0 2 8 4 -2 -1 -2 -2 -4 
3 5 0. 00 -4 - 6 - G -5 -5 -5 - 5 - 2 -2 - 1 l 5 4 -1 1 7 3 -3 -2 -2 -2 -4 
) 6 0. OQ - 5 - 6 - 6 -6 -5 - 5 -s - 3 -3 -2 0 4 3 -1 1 6 2 -3 -2 -3 -) -s 
3 7 0 . 00 - 6 -7 -7 -6 -6 - 6 - G -4 - 3 - 3 -1 3 2 -2 0 s 2 -4 -3 -4 -4 -6 
3 8 8 . 00 1 -6 - 6 - 3 - l -5 - 5 - 4 -c - 4 - 2 2 1 -J -1 4 1 -4 -3 -) -J -4 
J 9 1 7 . 00 5 19 10 12 13 11 10 -1 -1 -~ -2 l 1 -2 -1 4 1 1 3 1 1 1 7 
3 10 2 ~ . 01 9 1 r, 2 2 24 24 2 3 20 10 7 g 3 l 4 0 0 3 2 a lJ 8 7 2 > 
3 11 3 3 . 0~ 1 )1 53 39 31 )G 34 n D 13 10 4 ~ 3 4 4 14 22 1 5 1 4 42 
3 12 3r,.oo 10 42 6 4 42 37 42 36 32 27 23 19 10 16 1 G 6 21 30 2l 19 45 
3 l3 3 7. 00 11 3'J 53 46 40 ~ 1 44 41 34 35 26 15 22 12 11 ? B 25 37 2 7 2 4 46 
3 14 34.0 0 9 53 6 7 43 40 50 4 4 47 39 40 32 22 23 16 15 12 11 27 41 JO 27 49 
3 15 2~. 03 7 4J 42 4l 39 4l 33 ,, 40 ~0 39 27 3) 21 2J 1 5 1~ 30 41 J2 29 )Q 
3 16 21. 00 G 32 32 33 31 35 28 46 )0 37 40 31 35 24 24 1? 17 30 38 31 27 32 
3 1 7 ., • 03 1 15 a 16 14 22 16 41 35 34 3R 32 34 25 25 1 9 15 Z5 23 24 21 1) 
3 1q 0 . 00 - 2 ) 0 6 4 ? a 36 30 29 )4 32 30 2 2 2 4 19 1a 1 6 1 a 17 14 4 
3 B 0 . 00 -3 0 -3 - 3 1 4 3 27 25 2 4 30 30 28 17 21 18 16 J 4 12 12 10 0 
3 20 0. 00 -4 -3 -4 1 0 l 1 20 20 19 2:; 28 25 13 18 1a 1 5 10 8 9 6 -1 
3 21 o. on -6 -4 -6 -1 -2 - 2 - 1 14 16 16 21 25 22 10 15 17 14 6 5 5 4 -3 
3 22 0.00 -7 -1 -1 -3 - 4 - 4 -3 9 11 1 2 16 22 20 7 12 16 12 4 2 3 1 -s 
3 23 0 . 00 -9 -o - 9 -5 -6 - 6 - 5 s a 9 12 19 19 4 9 15 11 1 0 0 -1 -7 
3 24 0. 00 -q -? -1 0 -6 -6 -7 -6 1 4 6 8 16 16 k 7 14 9 -2 - 2 -2 -2 -7 
4 1 0.00 -? -9 -10 -6 - 6 -a -7 - 1 1 4 s 13 14 0 5 13 9 -3 -2 -3 - l -7 
4 2 0.00 -10 -10 - 10 -7 - 7 -9 -a -3 -1 2 3 10 l2 -1 3 ll 7 -4 -l -4 -4 -3 
4 3 0.00 -10 -lt - 11 -3 -7 -9 -3 -4 -2 0 1 8 ll -3 2 10 6 -5 -4 -5 -s -9 
4 4 o. oo - lt . -11 -11 -9 -8 -10 -10 -s -4 - 1 -1 6 9 -4 0 9 5 -6 -s -6 -6 - 10 
4 5 0 . 00 -12 -12 - 12 - 10 -9 -11 - 11 - 6 -s -3 - 2 4 1 -s -1 8 4 -7 -6 -7 -7 -10 
4 6 0.0~ -13 -13 -13 -ll -10 -12 - 12 - 3 -6 -4 -3 3 6 -6 -l 7 3 -9 -7 -a -8 -11 
4 1 o.oo -1 2 - 13 -13 -1 2 -1 0 - 17. -1 2 -9 -a - 6 -5 1 4 -7 -4 5 2 -9 -8 -9 -9 -12 
4 a 1. OJ - 1 3 -13 - 13 " L2 -1 0 -12 -12 -1 0 -9 - 7 -6 0 2 -a -5 4 0 - 10 -8 -9 -q -ll 
4 9 3. 00 - t2 - 11 -11 - 10 - a - 11 - n - 10 - 9 -B -6 -2 l -a -6 3 -1 -9 -8 -9 -9 -10 
4 10 s. oo -12 - 1'> - 10 -9 - s -9 -1 0 -10 -9 -a -7 -3 0 -8 -G 2 -1 -9 -8 -8 -9 -a 
4 11 6.0G -11 -9 -9 -1 -s -9 - 9 - 9 -9 -o -7 -4 -2 -a -G 1 -2 -B - 7 -a -a -7 
4 12 a. oo -10 - 0 -0 -5 -3 -7 -8 -8 -a -7 -7 - 5 -2 -7 -6 0 -2 -7 -6 -7 -7 -s 
4 l3 11. 00 -~ -s -6 -2 - 1 -5 -s -7 -7 -6 -1 - 5 -3 -1 -6 -1 -2 -6 -4 -6 -6 -3 
4 14 11.00 - 3 6 3 7 5 3 3 -s -6 -5 -6 -5 -3 -6 -6 -2 -2 -7 -4 -5 -5 6 
4 15 7 . 00 -10 -7 -9 -5 -4 - 6 -7 -5 -5 -4 -s -s -3 -6 -5 -2 -2 -6 -4 -5 -6 -6 
4 16 6.00 . -1 0 -o - q -G -s -7 -7 -s -s -s -5 -s -3 -6 -5 -3 -2 -6 -5 -6 -6 -6 
4 17 8 . 00 -1 0 - 8 - 9 - 6 -5 -7 -a - 6 -6 -6 -5 -s -3 - 6 -5 -3 -2 -6 -5 -6 - 7 -6 
4 18 2. QO - 13 -12 -13 -11 -1 0 -11 -11 -7 -7 -7 - 6 -5 -4 -6 -5 -3 -3 -a -7 -8 -8 -11 
4 1? 0~00 -14 -15 -15 -14 -13 -13 -13 -9 -9 -9 -6 -s -s -7 -6 -4 -4 -9 -10 -10 -10 -14 
4 20 0. 00 -14 -1 6 -1 6 -15 -14 -14 - 14 -10 - 1 0 -10 -1 -6 -6 -a -7 -4 -5 -11 -11 -11 -11 -15 
4 21 0.00 - 14 -15 - 16 -15 -1 5 - 15 - 15 ·- 11 • 12 -11 -a - 6 -6 -9 -a -4 -6 -11 -12 -12 - 12 -15 
4 22 o.oo -1S -16 - 16 -16 -15 -15 -15 - 12 -12 -12 -9 -7 -7 -10 -a -5 -7 -12 -13 - 12 -12 -15 
4 23 0. 00 -H - 16 -16 -16 - 1 5 - H -15 -13 -13 -13 -10 -7 -8 -11 -9 -5 -7 -l3 -13 -13 -ll -15 1-' 
4 24 0. 00 - 15 -17 - 17 - 1 7 - 16 - 16 -16 -H -14 -14 -ll -a -9 -12 - 10 -6 -8 -ll - 14 -13 - 13 -16 0 
1-' 
TAaLe C. I ~CIOE~T SOLAR R~DIATIO~ OH II 60 OE\iREe SURFI\CE ,VIO TE:~Pr.R.O.TURES ~IO~ITOREO 1\T L!lCI\TIO:-I S IN P'IGURE 5 
------------------------------------------------------------------------------------------------------------------------------
PYRII'lOMF.TE: R : PYRII) REAOI~GS, KWH , 1\'10 Tg~pen,TURP.S, C, AT LOCI\TIO N N U~BER 
------------------------------------------------------------------------------------------------------------------------------
0 ·\Y HR PY'1 ~ ~'In 17 16 l'l 21 22 23 24 25 26 27 2a 29 30 Jl 32 33 51 52 5 3 54 57 
(M<>r ch a nd An ri l 1980) 
--------------------------------------------------------------- -- ---------------- ---------------------------------------------
5 l 0. 00 - 16 - lB - lB -1 3 - 17 . 17 -17 -15 -15 - 15 -12 -9 -10 -13 -11 -6 - 9 - 14 -1 4 - 14 - 14 -1 7 
5 2 0 . 01) - 16 -10 - 1a -18 - 17 - 17 - 17 - 15 - 15 - 15 -13 - 10 - 10 -13 -12 -7 -10 -15 - 15 - 15 - 15 -17 
5 3 0. 00 - 17 -1a -1 8 - 1A - 10 - 17 - 17 - 16 -16 -1 6 - 1 ~ -11 -11 - H -12 - a -11 -15 -1S - 15 - 15 - 17 
5 4 0 . 00 - 1 7 - 10 -1a -1 a - 17 - 17 - 17 -1 6 - 16 - 16 -1~ - 17. - 12 - 15 -13 -8 - 1 1 -16 -16 -16 - 16 - 17 
5 ~ 0 . 00 - 16 -l tJ - 10 - ta - 17 - 17 - 17 - 17 - 17 - 17 - 15 -12 -12 - 15 - 14 -9 -12 - 16 -1 6 -16 - 16 - 17 
5 6 0. 00 - 15 -17 -u -17 - 16 - 17 - ;_5 -1 7 -17 - 17 -15 -13 - 13 -1 5 -14 -1 0 -1 2 -16 - 16 -16 - 15 - 16 
5 7 0 . 00 - 15 -1 7 - 17 -17 - 16 - 16 - 16 - 17 -1 5 -15 - 16 - 14 - 14 - 15 -1 4 -10 -13 -16 - 15 - 15 -15 -16 
5 a 4 . 0 ~ - 13 - H - 15 - 14 - 13 - 11 - :.4 - 16 - 16 - 16 - 14 - 14 -14 - H -15 -11 - 13 -15 - 14 -14 - 14 -13 
5 9 1 9. 0 ~ -9 1 3 0 3 1 -.o -12 - 12 -14 - .i. '. -13 -14 - 1 4 - 12 - 12 -11 -a -10 -10 6 
5 10 21. 00 -s 3 1 0 l3 11 3 10 1 - 3 -) - 9 - 12 - ~ -12 -13 -12 - ll -4 3 -3 - 4 lJ 
5 11 )',. 0 ~ -3 12 42 7. ~ 1 ' Z3 21 12 7 0 0 - 7 - 3 - 'l - 9 -10 - 9 2 11 4 3 2~ 
5 12 39. 00 - 2 13 46 29 2 '• 29 20 21 15 1 6 8 -1 5 -4 - 5 -G -7 B 1a 10 a 31 
5 ll 39. 00 -2 13 1a 3 3 27 H 28 20 22 22 15 5 1i 0 0 -3 -4 12 24 15 1 2 33 
5 H 17. 01 - 2 19 51 33 27 3 3 2 3 )) 26 2S 21 11 16 5 4 1 - 1 14 27 1a 14 35 
s 15 ) l. 00 -2 34 21 33 2 5 )q 32 3G 29 ) i) 25 16 21 9 ? 5 2 19 30 21 17 36 
5 1'> 24. ' )0 - J 23 16 25 20 30 2 3 JG 29 2 0 27 19 24 ll 12 3 5 D 28 20 1 G 26 
5 17 1; . 00 - ; r, 1) 14 ll 15 10 32 26 25 27 21 24 l3 13 9 7 15 21 16 · 12 11) 
5 1~ 4 . 0 0 -7 -5 -7 1 - 2 3 1 25 19 19 24 21 21 10 12 a 7 10 10 9 6 -2 
5 19 0 . 0~ -1 0 - R - 10 -3 -7 - 3 -1 19 14 15 20 20 13 6 10 7 G 5 4 4 2 -2 
5 20 0. 0 ~ - 10 - ~ -11 - 6 - ? - s - 4 12 1 12 16 1a 15 3 7 7 5 2 0 0 -2 -7 
5 21 0. 00 - 10 - 10 - 11 - 6 - a - 6 - 6 6 7 8 11 15 12 1 5 6 4 -1 -2 -2 -3 -7 
5 22 0. 00 - to - 10 -11 - 7 - a - a -6 3 4 6 a 12 10 -1 3 6 3 -3 -3 -4 -a 
5 23 0. 00 - 10 -1 0 - 11 - a -a - a - a - 1 1 3 4 10 a -2 2 5 2 -s -4 -4 - 5 -a 
5 24 0. 00 -J - 10 -10 - a - 8 - a -a - 3 -1 1 2 7 7 -3 1 s 1 -5 -s - 5 -6 -a 
6 1 0.00 -a - 10 - 10 -8 - 7 -a -a -4 -3 -1 0 5 6 - 4 0 4 l - 6 -1 0 - 6 -a 0 
6 2 0 .00 -9 -10 -10 - 8 -a -9 - 9 -5 -4 -3 -1 4 4 -4 - 1 4 1 - 6 -5 - s - 6 -a 
6 3 0 . 00 -J - 10 -10 - 3 - a - 9 - 9 - 6 - 5 -4 -2 2 3 -5 - 2 3 0 -7 - 6 - 6 - 6 - s 
6 4 0 . 00 -9 - 10 -10 - 9 - a - 9 - 9 - G - 6 -5 -3 1 1 -5 - 3 2 - 1 - 7 -6 -7 - 7 . - 9 
6 5 o.oo - 9 - 10 -10 - 10 -a - 9 -9 -7 -6 - 6 -4 0 -1 -6 -4 2 -2 -7 -6 -7 -7 -9 
6 6 7. 00 1 ) 2 G 7 6 10 9 10 7 5 7 3 3 0 2 6 7 6 2 s 
6 7 o. oo -9 -1 0 -1 0 -1 0 - a - ~ -9 -a -a -7 - 6 -3 -3 -7 - 6 0 - 3 -a -7 -7 - 7 -a 
6 a l. 00 -a -9 -9 -9 - 6 - B -a - a - a - s - 6 - 4 - 4 - 7 - 6 -1 -4 -1 -7 -7 -7 -a 
6 9 4 . 00 - 7 - 7 -7 - 6 - 5 - 7 - 6 -7 - 7 - 7 - 7 - 4 -s -7 - 5 -2 -4 -6 -5 -6 - 6 -s 
6 10 9. oa - 5 - 4 - 5 -2 -1 - 3 -3 - 6 -6 - 6 -s -s - 6 -G - 3 -3 - ~ -5 -3 -4 -4 -1 
6 11 2s. no -2 5 3 a a 4 3 - 2 - 3 - 3 - 5 -5 - 3 -s -s -3 -3 -2 1 -1 -1 9 
6 12 lJ . 00 -3 0 -1 5 6 3 2 0 0 0 -3 - 4 -2 -4 -4 -3 -3 0 2 0 0 5 
5 13 20 . 00 4 10 7 1a . 13 11 12 9 6 7 2 -2 2 -2 -2 -3 -2 5 9 2 s 15 
6 14 1 9.00 5 10 a 1 8 18 12 12 10 11 5 1 s l 0 -2 - 1 7 12 4 7 1 5 
G 15 9.00 2 6 4 10 11 9 7 11 10 11 7 3 7 2 2 -1 1 7 9 7 6 a 
6 16 7 . 00- l ) 2 6 7 6 5 10 9 10 7 5 7 3 3 0 2 6 7 6 2 5 
6 1 7 3. 00 1 0 - 2 2 2 2 1 a 7 a 7 5 7 3 4 1 2 4 . s 4 3 0 
6 1a l. 00 - 3 - 3 -~ - 2 - 1 - 1 - 2 6 5 6 6 6 6 3 4 1 2 2 2 2 1 -2 
6 19 0 . 00 - 4 - 4 -5 4 - 3 -3 - 4 3 3 3 s 6 5 2 3 2 2 1 0 0 0 -4 
6 20 o. oo -s - 6 -6 - 5 - 4 - 4 - 4 1 l 1 4 s 4 l 2 2 1 - 1 -1 -1 -1 -4 
6 2l o. oo - 6 -7 -7 - 6 -s - 6 -6 -1 - 1 -1 2 4 3 0 1 2 1 -2 -3 -2 -3 -5 
6 22 0. 00 -7 -a -a - 7 -7 - 7 -7 - 2 -3 - 2 1 3 2 - 1 0 1 0 -3 -4 -4 -4 -7 
6 23 o.oo -10 - ll - 12 - 10 -10 - 1 0 -10 - 4 - 4 - 4 -1 2 0 -) -1 1 - 1 -s - 6 -6 -6 -10 .... 6 2 4 o.oo - 13 -1 - 15 -13 - D - 13 -lJ -7 -7 -7 -2 1 - 1 - 4 Q - 2 -1 - 7 -a -B -a -ll 0 
N 
Tfi!:IL£ C. IUCIDP.NT SOLAR RADIATI ON ON II GO DF.GREE SURFACE 1\ND TEMPERATURES MONITORED liT LOCIITIONS IN FIGUR!'! 5 
------------------------------------------------------------------------------------------------------------------------------
PYRI\NOMr.TE R (PY Rfl) R£1\DtNGS,KW!l, I\ NO Tt::-!Pt:MTURES,C, liT LOCI\TION NUr~ BER 
------------------------------------------------------------------------------------------------------------------------------
DriY H!\ PYRII 1\ "IB 17 18 19 21 22 23 24 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
("'arch en~ 1\ori1 19 80 ) 
------------------------------------------------------------------------------------------------------------------------------7 1 0 . 0~ -15 -15 - 16 -15 - 14 -15 - 15 -9 -9 -9 -4 -1 -2 - 6 -3 0 -3 -9 - 10 -to -10 -H 
7 2 0 .00 -15 - 16 - 16 -ts - 14 -15 - 15 -1 1 - 11 - 11 -6 -2 -3 -8 - 5 0 -4 -10 - 11 - 11 -11 -15 
7 3 o . o~ -16 - 16 -17 -16 -15 - 16 - 16 - 13 - 12 -12 -a -4 -5 -9 -6 -1 - 5 - 12 - 12 - 12 -12 -1 6 
7 4 O . !l~ - 16 -18 -18 -17 - 17 - 17 - 17 - 11 - 14 - 14 - 9 -5 -6 -11 -8 -2 -6 -1 -13 -lJ - 1J -17 
7 5 o . ao -17 -11 -11 -19 -10 -19 -1a 15 -15 -15 -1 1 -5 -7 - 12 -9 -) - 8 - 14 - 15 -14 -14 - 18 
7 6 o.co - 17 -18 - 18 18 -17 - 11 -17 -1 6 - 16 - 16 - 12 -a -0 - i2 -10 - 4 - 9 - 14 - 1 5 -1 -H -17 
7 7 0.00 -1 6 -18 18 -1 8 -17 -1R - 1q - 17 -17 -16 -u -9 -9 -13 -11 -5 -10 -15 -15 -15 -15 -17 
7 B ). 00 - 14 - 16 -1 6 -15 - 14 -~~ - 1? -lS - 16 -16 - 14 - 10 -1 0 -14 - 11 -5 -10 -14 -14 -14 -14 -14 
7 9 17. 00 - t, -6 -a -3 0 -7 -7 - 13 -u - 13 - 14 -1 1 -1 0 -13 -1 2 -6 - 9 - 11 -9 - 10 -10 -3 
7 10 24. 0~ 2 21 12 19 17 21 11 - 1 o· -3 -3 -9 -7 -11 -11 -7 -8 -1 4 0 -) 23 
7 11 29.00 1 49 19 30 27 30 26 15 12 12 0 - 5 1 -7 -7 -6 -6 6 14 8 3 30 
7 12 39 . 00 -1 65 4 9 39 )4 40 33 25 2l 2l 8 0 B -2 -2 -4 -J 12 22 15 13 47 
7 13 4 J. OJ 2 73 50 49 40 5J 4S 3G 30 30 17 7 16 2 3 1 0 16 3l 22 19 57 
1 1·\ 33. 0~ 0 43 29 37 33 35 30 37 33 33 23 l3 21 7 a 5 ) 20 29 22 19 37 
7 15 15 . 00 0 20 l2 22 22 11 l7 32 30 30 23 16 22 11 ll 5 6 18 23 19 16 18 
7 15 8. 00 0 11 6 14 14 12 10 26 25 25 23 10 22 12 12 7 8 16 17 15 13 10 
7 17 3. 00 - 1 s 1 7 7 6 5 21 42 21 21 1) 20 ll 13 8 8 13 12 ll 9 4 
7 1 ~ 3. 00 -2 0 - 3 3 3 2 3 15 18 17 18 18 18 9 12 9 8 9 8 8 6 1 
7 1~ 0.00 -s -4 -6 - 1 - 3 -2 - 1 10 14 l3 15 17 16 6 10 3 7 6 4 4 3 -) 
7 20 0. 00 - 6 -6 -B -4 - 5 - 5 -4 6 10 10 11 15 14 4 a 6 6 3 1 1 0 -s 
7 21 o. oo - 6 -7 -0 -5 - 6 -6 -5 l 6 7 B 12 11 2 6 7 5 1 -1 0 - 1 -6 
7 22 0. 00 - 8 -8 -9 -7 -1 -7 -7 - 1 2 3 5 10 10 0 4 7 4 -1 - 2 -2 -J -1 
7 23 0. 00 - 9 - 9 -10 -8 -a -8 -9 -3 -1 1 3 8 8 -2 2 6 ) -3 -4 - 4 - 4 -8 
7 24 0 . 00 -10 -11 - 12 - 10 -1 0 - 10 -10 -5 -) -2 1 6 6 -3 0 5 2 -5 - 5 -5 -6 -10 
q 1 O. OJ -11 -12 -13 -11 - 11 -11 -11 -7 -5 -4 -1 4 5 -4 -1 4 1 -7 -7 -7 -7 -11 
8 2 0.00 -12 - 13 - l) - 12 -12 - 12 - 12 -s -6 -5 -) 2 3 -6 -2 4 0 -a -8 -8 -a -12 
8 3 o . no - 12 - 1 3 - 14 -13 -12 - 1) -13 - 9 - 5 -7 - 4 0 1 -7 -4 3 -1 -9 -9 -9 -9 -12 
8 4 0.00 - 12 -13 - H - 1 - 12 - 13 - 13 -1 0 - 9 -a -r. -1 0 -8 -5 2 -2 -10 -9 -1 -10 -11 
8 5 0. 01 - 12 - 13 - 13 -1) -12 - 12 -12 -1 0 - 10 -9 -1 -2 -2 -a -6 1 -) - 10 -10 -~ -10 -12 
q r, 0. O"l -1 2 - 13 - 13 - 13 -1 2 - 12 -12 - 11 - 11 - 10 - 8 -4 -3 -9 -6 0 -4 -10 - 10 -10 -10 -12 
a 7 n. oJ -12 -13 - l) . -12 -11 -12 -n -1 1 - ~ 1 -11 - ·~ -5 -4 - 9 -1 -1 -5 -10 -10 -10 -10 -12 
B 0 2. uo -9 - 10 -1 0 -) - 3 - 10 -1 0 -11 -11 -10 ~~ -6 -5 -9 -7 -1 -s -9 -1 -9 -1 -1 
8 q 5.0~ - ; - ii -r, -5 -2 -6 - G -9 -1 - 9 - 9 - 6 -s -9 -7 -2 -s -8 -6 -7 -7 -4 
8 1J 22 .00 5 2) 14 20 20 16 14 0 -2 -2 -6 -6 -3 -7 -G -3 -4 0 5 l 0 22 
ti ll ) 5 .0 ~ 7 51 33 37 3~ JR 34 15 lt ll 2 -2 2 -4 -4 -2 -2 0 17 10 1 H 
8 12 3n . oo 8 70 37 47 37 50 43 Jl 2S 25 11 3 11 1 1 0 0 14 2R 1R 16 52 
8. 13 3 7. 01 7 63 38 49 37 )7 51 47 41 41 27 17 25 9 10 6 6 23 3? 2a 24 55 
8 l4 )1. 00 5 38 )2 42 33 q 39 49 4) 42 33 23 3l 14 15 11 9 26 40 30 25 43 
8 15 2 4 . 00 4 28 24 33 28 39 31 47 40 39 36 27 )2 7 1a l3 12 26 37 29 24 34 
B 16 15. 00 3 17 n 21 18 24 10 42 36 34 35 29 32 19 1) 15 l3 22 30 24 20 19 
8 17 1 s. no 3 17 8 2 1 1 8 24 18 42 36 34 35 29 32 19 1'} 15 l3 22 )0 24 20 19 
8 13 l. 00 -1 2 0 9 5 9 10 35 29 28 33 29 29 16 19 11 l3 18 18 17 H 6 
8 1~ 0. 00 -3 0 -3 3 0 6 4 28 24 24 29 2!J 25 13 17 14 13 l3 12 ll ' 1· a 20 o. oo -s -3 -s 1 -2 2 2 20 19 21 24 25 22 lO 15 l3 11 9 7 7 s -l 
8 21 0. 00 -4 -4 -5 -2 -1 1 2 14 15 17 20 23 29 7 ll lJ 10 6 5 5 3 -2 
8 22 o.oo -4 -3 -5 0 - 2 -2 0 10 13 lS 16 20 17 s ll l2 9 4 3 3 z -2 ...... 
a 23 o.oo -4 -4 -5 -l -2 -3 -1 6 ll 12 12 17 15 ' 9 12 9 2 2 2 1 -3 
0 
8 24 o.oo -4 -4 -s -2 -l -3 -l ' 9 9 10 15 ll 3 7 11 8 l l l 0 -3 
w 
Tll!lLE C. INCIDENT SOLAR RAOIATIO~ ON A 60 DEGREE SURFA::E 1.~0 TC~~PEMTURES '10~ITOR&O 1.T LOCATIOSS IN P'lGURe 5 
------------------------------------------------------------------------------------------------------------------------------
PYRf\'l:J 'IET!:R (PYMl READINGS,KH!l, AND TE'IPER~TURES, C, 1\T LOCATIO!I NtJ:-IllER 
------------------------------------------------------------------------------------------------------------------------------
DfiY HR PYM A'HJ 17 18 19 21 22 23 24 25 26 27 2S 2J 30 3l 32 33 51 52 53 54 57 
( M~ reh ~nd flnr i l 19 8J ) 
------------------------------------------- ·------._ -----------------------------------------------------------------------
9 l o . oo -3 -3 -4 -2 -1 -3 - 2 2 5 7 8 l3 12 2 6 10 7 0 1 1 0 -2 
9 2 0 . 0~ -2 - 3 -3 - 2 -1 -2 - 2 1 3 5 6 11 11 2 s 10 7 0 1 0 0 -1 
9 3 0 . 00 -2 -3 -1 -1 -1 -2 -2 1 2 3 5 9 9 1 4 9 6 0 1 0 0 -1 
9 4 o. a~ -2 -3 -3 - 2 -1 -2 -2 0 2 2 4 a 7 1 4 9 5 - 1 1 0 0 -1 
9 s o . oo -2 -3 -3 -2 - 1 -2 - 2 0 1 2 3 7 6 1 3 8 ~ - 1 1 0 0 -2 
9 6 0. 01 -6 -7 - 7 - 5 -s -5 -5 - 1 0 0 2 6 5 0 2 7 4 -2 -1 -2 -2 -5 
q 7 0.00 - 7 - 3 - ij -a -7 - 7 -7 - } - 2 - 2 1 ~ 3 - 1 1 6 2 -3 -3 - 3 -4 -7 
9 8 10.00 3 -s -5 -5 -3 -4 -5 -J - 3 -3 0 3 2 - 2 0 5 2 -3 -2 -3 -3 -4 
9 9 19 . 00 6 12 4 2 2 5 4 -2 -2 -2 0 ~ 2 -1 0 5 2 -1 0 -1 0 6 
9 1 0 2G. OI 9 14 14 15 11 17 15 4 ) ) 1 2 2 0 0 4 2 3 7 4 2 20 
9 lt 3). 0') 9 3 ~ H 34 30 35 31 17 1 4 14 7 J 6 2 2 4 3 9 19 3 11 H 
9 12 3q . oo 10 47 35 39 34 39 3) 2ij 2 3 24 1~ 7 l3 5 4 5 5 14 25 18 16 45 
9 1 3 37 . ~0 ll 16 45 49 39 50 47 39 33 34 2 2 13 20 8 a B 7 21 35 25 22 55 
9 14 26.00 8 41 44 42 33 49 42 46 H 39 28 19 25 1 2 12 10 10 24 37 28 24 40 
9 15 19 . 00 7 25 2 4 32 28 34 29 41 38 37 31 23 2' 16 16 13 12 24 J4 27 23 30 
9 1 6 22. 0 ~ 7 22 25 2q 27 31 ,. < 0 38 32 32 32 2 29 18 16 14 14 24 30 25 21 30 
9 17 14. on 7 19 l3 2 3 21 23 19 36 30 30 32 27 29 19 19 16 15 22 27 2) 19 22 
9 l~ l. 00 ) 5 3 10 8 12 12 32 27 26 30 27 26 17 19 15 15 18 19 17 14 8 
9 1 1 0 . 0') 2 5 2 7 5 8 8 25 24 24 26 26 H 15 18 15 14 14 13 l3 11 6 
9 20 0. 00 3 3 3 6 5 6 7 ::.9 19 2 0 23 24 22 13 17 15 14 12 ll 11 9 ~ 
9 2l 0. 00 J 3 3 6 5 5 6 15 16 17 20 23 20 12 15 1 ~ 13 10 9 9 6 ~ 
9 22 0. 00 2 2 2 5 4 4 4 12 14 15 18 21 18 10 14 15 12 9 8 8 7 4 
') 23 0. 00 2 t 1 3 3 3 3 10 12 l3 15 19 17 9 13 14 2 7 7 7 6 ) 
9 2 4 0.00 3 2 1 3 3 3 3 a 9 11 13 17 16 6 11 14 11 6 6 6 5 3 
10 1 o .oo 3 2 2 3 4 3 3 7 8 9 11 16 lS 7 10 13 10 6 6 5 5 4 
10 2 0. 00 t 1 1 3 4 2 3 6 7 8 10 14 13 7 9 13 10 s 5 5 4 3 
10 3 0 . 00 -2 -2 - 2 . 0 0 0 0 5 6 6 9 13 12 6 8 12 9 3 3 3 2 0 
10 4 0. ~0 -5 -4 -s -3 -2 - J -2 3 4 5 8 12 11 5 7 11 8 2 1 1 1 - 3 
10 5 0. 00 -n -8 -a -6 -6 -6 -G 2 2 2 7 10 10 3 6 11 7 -1 -1 -1 -2 -G 
10 6 0. 00 -10 -1 0 -11 -9 -8 -8 -7 0 1 1 5 9 8 1 5 10 6 -3 -4 -4 -4 -9 
10 7 0. 00 - 12 -13 -lJ -ll -11 -11 -11 -3 -2 -1 3 8 7 -1 3 9 4 -5 -6 -6 -7 -11 
10 3 11. 00 -10 -ll -12 -s -5 -9 -9 -4 -3 -3 2 6 5 -3 1 8 3 -6 -6 -7 -7 -1 
10 9 23.00 -9 19 t 10 8 9 6 -3 -3 -2 0 5 5 -3 0 7 4 -4 -1 -4 -s lJ 
10 10 B.OO -s 27 14 23 17 20 19 s 3 4 1 4 s -1 0 6 4 0 8 1 0 24 
10 11 )4. 00 -6 49 36 35 25 34 31 17 12 13 4 4 8 1 2 6 s 5 17 8 6 39 
10 12 37. 00 -4 57 44 42 30 42 r 28 22 22 10 6 12 4 4 6 7 10 25 14 11 47 
11) ll 38 . 00 -; 57 43 46 33 ~ . 42 36 30 30 17 10 17 7 7 7 8 14 32 19 n 52 
10 11 35. 00 -3 66 46 40 34 50 46 41 36 35 22 15 20 10 10 8 10 17 35 22 18 51 
10 15 31. 00 . -4 48 46 41 30 42 39 44 3q 38 27 19 24 14 14 10 12 19 36 24 19 43 
10 16 24. 00 -3 31 29 31 24 36 31 43 37 36 29 22 26 16 16 22 14 19 33 23 18 )2 
10 17 15 .00 - 5 15 6 l7 14 21 15 38 33 32 30 24 25 17 17 13 14 16 26 18 14 H 
10 1 3 4 . 00 -G -3 -6 3 1 5 4 31 27 2G 27 24 23 14 17 l3 l3 ll 15 11 8 0 
10 19 0. 00 -~ -7 -s -2 -6 -2 -1 23 21 20 23 23 20 10 15 13 11 7 7 6 4 -s 
10 20 o. oo - 9 -9 -1 0 -4 -7 -4 -3 15 15 16 20 21 18 6 12 13 9 4 3 2 0 -6 
'· 
10 21 o. oo -10 -10 -11 -6 -8 -6 -5 9 11 13 15 19 lS 3 9 12 8 1 0 -1 -2 -8 
10 22 0.00 -11 -10 -12 -7 -10 -8 -6 s B 10 11 16 13 0 7 ll 6 -2 -2 -3 -4 -9 
10 23 o.oo -11 -11 -12 -9 -10 - 9 -0 0 4 6 7 l3 11 -1 s 11 5 -4 -4 -4 -s -9 ~ 
10 24 o.oo - 12 -12 -13 -9 -11 -u -9 -3 l 4 4 10 10 -3 2 9 4 -6 -6 -6 -7 -ll 0 
+:--
TAilLE c. I•ICIOEHT SOL7\R RTIOIATION ON ... 60 Df:GREF. SURFACE AND TE~Il'ERI\TURES "'ONITORED AT LOCATIONS IN FICURI!! 5 
------------------------~---------------- --------------------------------------------------- ----------------------------------
PYr. ~:;or~en: R (PYRA) READI!IGS,Kll!l, Ml O T E~I'ER7\TURES ,C, liT LOCATION NUMBER 
------------------------------------------------------------------------------------------------------------------------------
OilY ll!>. PY !t'l 11'1[) 17 18 19 21 22 23 H 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
P'HCh and 1\oril l9 RO) 
------------------------------------------------------------------------------------------------------------------------------
11 1 0.00 -12 -12 -13 -10 11 - 12 - 10 -5 - 2 1 0 8 8 -5 0 g 3 -1 -1 -1 -a -ll 
ll 2 o. oo -12 -13 - 14 -11 -12 -12 -ll -1 -4 - 1 -2 5 1 - 6 -1 1 2 - 8 -8 - 8 -9 -12 
ll J 0. 00 -12 - 14 -H - 12 - 12 - 13 - 12 - 9 -6 -3 -~ 3 5 -1 -3 6 1 - 9 -9 -9 -9 - 12 
11 4 0. 01 -11 -13 -u - 12 -12 - 12 -12 -~ -7 -4 -5 1 3 -8 -4 4 0 - 10 -9 -9 -9 -12 
11 5 0. 00 -13 -14 -1 4 - 1) - 13 - 13 - 1) - 10 - 8 -5 -5 0 1 -9 . - 5 · 3 2 -1 0 -9 -10 -10 -13 
11 6 0.00 -lJ - 14 -1 4 -1 -1 ) - 13 - 13 -1 0 - 8 -7 -6 -1 0 -9 - G 2 -3 -ll - 10 -10 -11 -13 
11 1 o. oo -1 1 - 12 . - 12 - 12 - J.O - 12 - 12 - 10 -9 -8 -7 -2 -2 -10 -1 1 -3 -11 -10 -10 -10 -11 
11 8 2 . 00 - 9 -9 -9 -~ -7 - 9 - 9 - 10 -9 -a -1 -4 -) - 9 - 8 -1 -4 -9 - s - 9 - a -8 
11 9 z o . nn -s 9 ) 5 7 J 2 -1 -1 - 6 -7 -4 -J -8 - 1 -1 -3 -6 -J -s - s 11 
11 10 11. on -4 1 2 10 10 6 6 0 0 1 -5 -5 -1 -6 - 6 -2 -2 -2 J 0 0 1 
11 ll R. 00 - 4 4 2 7 s 4 2 2 2 -2 -J 0 -3 -4 -2 -2 -1 2 1 0 5 
11 12 10. 00 -2 3 2 5 1 3 2 2 J -1 -2 l -2 -2 -2 -1 0 2 1 1 5 
ll 13 4. 00 -) 0 -1 1 2 0 l 1 2 2 0 -1 l 1 -1 -2 -1 0 l 0 0 1 
11 14 8.00 -2 1 1 3 5 2 2 1 1 2 0 0 1 - 1 -1 -2 - l 1 2 l 1 4 
ll 15 15 . 00 -1 9 8 12 13 1 8 4 4 4 2 0 2 1 0 -2 0 3 6 4 4 11 
11 ~~ o. r. o -1 9 5 10 11 7 8 6 6 1 3 1 4 3 2 - 1 1 5 1 s 4 8 
11 17 ).00 -2 l - 1 2 2 2 2 s 5 6 4 2 4 3 3 0 1 3 4 3 3 1 
11 1n 1. ao -2 -1 - 2 -1 0 0 0 3 4 4 4 3 4 2 3 0 1 2 2 2 1 -1 
11 H o. oa -) - J - 4 -3 -3 -2 -2 2 2 2 3 3 3 1 2 0 1 1 l 1 0 -2 
11 20 o . o ~ -2 -4 - 4 -4 -) -3 -3 0 1 1 2 3 2 0 1 1 1 0 0 0 -) 
ll 21 o. no -2 - 4 -4 -4 -3 -3 -3 -1 0 0 1 2 1 0 1 1 0 0 -1 -1 -1 -J 
11 22 o. on - 2 -4 -4 - 4 - ) -3 - 3 - 2 - 1 - 1 0 1 0 - 1 0 1 0 -1 - 1 -1 -1 -J 
11 21 0. 00 -2 -3 -3 -J - 2 -2 -3 -2 -2 -2 0 1 0 -l - 1 0 0 -1 -1 -1 -1 -2 
11 24 0 . 00 -1 - J -3 -3 -2 - 2 -2 -2 -2 2 -1 0 0 -1 -l 0 -1 -1 -1 -1 -1 -1 
12 1 0. 00 -2 -3 -3 -3 -2 -2 -2 -2 -2 -2 -1 0 -l - 2 -1 0 1 -1 -1 -1 -1 -1 
12 2 0. 00 -2 -3 -J -3 -2 -2 -2 -2 -2 -2 -1 -1 -1 - 2 -1 0 -1 -1 -1 -1 -1 -2 
12 ) o. on -3 -4 -4 -4 -3 -3 -3 -J -2 -2 -2 -1 -1 - -2 -1 0 -1 -1 -1 -2 -2 -2 
12 4 0.00 -2 - 4 -4 -4 -3 -3 3 -2 -2 -2 -2 -1 -1 -2 -2 -1 -1 -2 -2 -2 -2 -2 
12 s 0 . 00 -2 -3 - 1 -J - 2 -3 -2 -2 - 2 -2 -2 -1 -2 -2 -2 -1 -1 -1 -1 -2 -2 -2 
1 2 6 0.00 -2 -3 -3 -3 - 2 -2 - 2 -2 - 2 - 2 -2 -2 - 2 -2 -2 -1 -1 -1 -1 -1 -1 -2 
12 1 o.oo -2 -3 -J -3 - 2 - 2 -2 - 2 -2 -2 -2 -2 -2 -2 -2 -1 -1 -2 -1 -2 -1 -2 
1 2 a 2. 00 -1 -2 -2 - 2 -1 - 1 -1 -2 -2 -2 -2 - 2 -2 -2 -2 -1 -1 -1 -1 - 1 -1 0 
12 9 2.00 -1 -2 - 2 -2 -1 -1 -1 -2 - 2 -2 .-2 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1 0 
12 10 5. 00 0 2 1 3 4 2 2 -1 - 1 -1 -2 - 2 -l - 2 -2 -1 -1 0 1 0 0 3 
17 11 s. oo 0 2 2 4 4 3 2 0 0 0 -1 - 1 -1 -1 - 1 - 1 - 1 l 2 1 1 4 
12 12 4 . on 0 2 1 3 · 3 2 2 1 1 1 0 -1 0 0 -1 1 0 1 2 1 1 3 
12 1J 4. 00 0 2 1 3 4 3 1 l 2 0 -1 l 0 0 -1 0 2 3 2 2 4 
12 14 4. 0 0 1 2 1 3 4 3 2 2 2 2 1 0 1 0 0 -1 0 2 3 2 2 3 
12 15 2. 00 0 1 0 1 2 2 2 2 2 2 1 0 l l 0 -1 0 2 2 2 2 2 
12 1~ 1. 00 0 0 0 0 1 1 1 2 2 2 1 1 1 l 1 0 0 2 2 1 1 1 
l2 17 1. 00 0 0 -1 0 1 0 0 1 1 2 1 1 1 1 1 0 0 1 l 1 1 1 
l1 1A 0.0~ -1 -1 -2 -1 -1 0 0 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 
12 19 0. 00 -1 -2 -2 -2 -1 - 1 -1 0 0 0 1 1 1 0 1 0 0 1 0 0 0 -l 
12 20 -1. OJ 0 -2 -2 -2 -1 -1 -1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 -1 
l2 2l 0. 00 -1 -2 -3 -3 -2 -2 ,-2 -1 0 -1 0 1 0 0 0 0 0 0 0 0 0 - 1 
12 22 0.00 -2 -3 -3 -3 - i -2 - 2 -1 - 1 -1 0 0 0 - 1 0 0 0 -1 - 1 -1 -1 - 2 
12 23 o.oo -2 -3 -3 -l - 2 -2 -2 -1 -1 -1 -1 0 -1 -1 I) 0 0 -1 -1 -1 -1 -2 ~ 0 
12 24 o.oo -2 -3 -l -3 -2 -2 -2 -2 -2 -2 -1 0 -1 -1 -1 0 -1 -1 -1 -1 -1 -2 Vl 
TfiBLE C, INC tO I': NT SOLAn RADIATION ON fl 60 DECREE SUFf fiCE fiNO TEMPERhTU RE S MONITORED fiT LOCATIONS IN FtCURE 5 
------------------------------------------------------------------------------------------------------------------------------
PYRI\NOMETER (P'!RA) REI\DINGS,KWI!, A~O TEMPE RfiTURES,C , AT UlCATION NUHilER 
------------------------------------------------------------------------------------------------------------------------------
011'! IIR PYP/1 fiM!l 17 18 19 21 22 2) 24 25 26 27 2a 29 30 31 32 33 51 52 53 54 57 
(March and Anri 1 1980 ) 
---------------------------- ------- ------- ----- ----------------------------- - ------------- ---~--- ---- -------------------------
lJ 1 o. no -2 -3 -3 -3 -2 -3 - 3 - 2 -2 -2 - 1 -1 -1 -1 -1 0 -1 -1 -2 -2 -2 - 2 
13 2 o. on - 2 -3 - 4 -3 - 2 -3 - J -2 -2 -2 -1 - 1 -1 - 1 -1 0 -1 -2 -2 -2 -2 - 2 
13 3 0 . 0~ -4 - 4 - 4 - 4 - 3 - 3 - 3 -2 - 2 - 2 - 2 - 1 - 1 - 2 - 1 0 -1 -2 - 2 -2 -2 -3 
1 J 4 o . uo -5 - 6 - 6 - 6 - 5 - 5 - 5 - 3 -3 -J - 2 -1 -2 -2 - 2 - 1 -1 -3 - 3 -J -3 -5 
1 3 5 n.on - 5 - 6 - 6 - 6 -s - 5 - s -4 - t, - 4 - 2 -2 - 2 - J - 2 -1 -2 - J - 4 -4 -4 -s 
13 6 0 . 00 - 6 -7 - 7 -7 -6 - 6 - 5 -4 -~ -5 - 3 -2 - 3 - 3 - 2 - 1 - 2 - 4 -4 - 4 - 4 - 6 
13 7 1. 00 - 6 -7 - 7 -7 - 6 - G -7 -s -s -5 -4 -2 -J - 4 -3 . - 1 - J - 4 -s - 5 -5 -6 
l3 8 2.00 -r, - 6 -~ -6 - 4 -:; -(, -5 -s -s _, -1 - 4 - 4 -3 -2 - 2 - s -4 -5 -s - 5 
l 3 9 11. on - 2 - 2 - 2 0 1 -1 - ~ -4 - 5 - s -4 - 3 - 4 -4 - 4 -2 - 3 - 3 - 2 -3 -3 l 
13 1 0 2 ) . 00 1 4 4 7 9 5 3 -2 - 2 - i. -3 -J -3 -3 -3 - 2 - 2 -2 - 1 - 1 a 
1 3 1 1 2<3 . uo 4 30 30 30 25 28 25 10 7 7 1 - 2 1 -l -2 - 2 -1 4 12 7 4 H 
13 12 41. 00 6 4R 47 41 33 41 37 26 19 19 9 2 8 1 1 0 0 ll 23 15 13 45 
13 1 3 4 1 . 0 0 7 5'> 51 45 35 52 46 37 30 30 17 8 14 5 5 2 3 16 32 21 19 53 
1 3 l 4 37 . an 7 ~& 57 4 7 37 51 44 4G 37 37 2 5 15 23 9 9 7 6 20 37 26 2 3 50 
1 3 1 5 31 . rD 8 J2 38 43 35 39 50 41 40 3l 21 28 14 1 3 9 9 23 38 28 25 4) 
l) 1 6 H . 00 6 27 32 34 30 t.. 33 43 )J 3 8 3 4 25 30 17 17 12 1 2 24 35 28 24 34 
lJ l7 14. 00 17 13 2 2 2 1 28 19 44 35 34 35 2R 31 19 19 H 1 4 22 30 24 20 20 
13 18 4 .00 2 4 2 11 8 12 11 37 29 28 33 28 28 18 19 14 1 4 18 20 1 8 15 8 
l 3 19 o . oo -1 1 - 2 4 1 5 8 29 25 26 29 27 2 4 14 18 14 13 14 13 12 10 2 
l3 20 o. on - 2 0 -3 2 0 3 4 22 21 22 25 25 22 12 16 14 12 11 9 9 7 1 
13 21 0 . 01 - 2 0 - 3 0 1 3 16 18 19 21 23 1 9 9 14 13 11 8 6 6 5 1 
1 3 22 o. oo -3 - 2 - 4 0 -2 - 1 1 12 ~6 1 7 17 20 17 7 12 13 10 6 5 4 3 - 1 
13 2 3 0. 00 - 4 - 4 - 6 - 2 - 3 - 3 - 1 -7 13 H 14 1 8 1 5 5 1 0 1 3 9 4 3 ) 2 - 3 
l3 2 4 0. 00 -2 - 3 - J -1 - 1 - 2 - 1 4 9 10 10 16 14 4 9 12 8 3 2 2 2 - 1 
1~ 1 0 . 00 4 3 2 3 4 4 4 10 10 10 14 16 14 10 13 15 13 8 8 B 7 4 
16 2 0, 01) 4 4 3 . 4 4 4 4 a a 9 12 15 13 9 12 I 4 1 2 8 7 7 6 4 
16 3 o. oo 3 2 2 3 4 J 3 7 7 7 11 14 12 8 11 14 ll 7 6 6 6 4 
16 4 o. 00 2 2 2 3 4 3 3 6 6 6 10 13 11 8 10 ll 10 6 5 6 5 3 
16 5 0. 00 2 1 1 2 3 2 2 5 5 5 9 12 10 7 9 12 9 5 5 s 4 2 
16 6 0. 00 2 1 1 2 3 2 2 4 4 4 a 11 9 6 12 9 5 4 4 4 1 0 
16 7 0. co 1 1 1 l 2 2 1 4 3 ~ 7 10 9 6 8 11 8 4 4 4 3 2 
16 0 0 .0 0 1 0 0 1 2 1 1 3 J 3 6 9 8 5 7 11 8 4 3 3 3 l 
16 9 5. no 2 1 1 l 2 1 1 3 3 3 6 a 7 5 7 10 7 3 ) 3 3 2 
16 10 ~. 0 0 2 1 1 1 3 2 . 2 3 3 3 5 8 7 5 6 10 7 3 3 3 3 2 
16 11 35. UO 6 18 2 5 1 8 ·9 . l '> 14 4 4 4 5 7 7 5 6 9 7 4 0 5 4 22 
)t; 1 2 37.00 5 4 2 49 42 30 J : 36 16 1 4 14 a 7 9 6 6 9 7 9 20 9 8 44 
16 13 37 . 00 5 53 4n 4 9 3 ~ 45 44 20 23 24 13 9 13 9 8 9 9 13 20 1 8 1 5 51 
16 l4 2 7. 00 . 3 37 4 6 46 35 4 2 4 2 35 31 31 20 1 3 10 ll 10 10 10 15 33 22 18 45 
16 1 5 12.00 2 18 15 24 19 25 2·1 34 32 32 2 2 16 20 14 13 ll 12 15 26 19 16 21 
16 16 lQ . OO 2 14 12 18 lG 19 l U 30 -, L 2a 23 1 8 20 15 14 12 13 14 22 17 13 16 
16 17 8. 0 0 1 10 3 14 13 14 lJ 26 2G 25 2 2 19 20 15 1~ 13 13 13 18 14 11 12 
16 18 l. 00 - 1 2 0 5 4 3 7 22 22 21 21 1 9 1 9 14 15 13 1 2 11 12 10 a 4 
16 1 q 0. 00 - 1 0 -1 2 2 3 3 16 18 10 1 9 19 17 1 2 14 13 11 9 9 a 6 2 
16 20 0 . 00 -1 - 1 -2 1 1 1 1 14 15 1 4 1 6 18 15 10 12 12 11 7 6 6 4 1 
16 21 0 . 00 - 2 - 2 - 3 - 1 0 0 0 1 1 12 11 14 16 14 8 11 1 2 1 0 5 4 4 3 0 ..... 
.16 22 0,00 -) -3 - 4 -2 - 2 - 2 - 1 8 9 9 12 lS 13 6 9 12 9 4 2 3 2 -2 0 
16 2 3 o. oo -3 -4 - 4 -3 -3 - 3 -) 6 7 1 10 1 4 11 4 8 11 8 2 1 1 0 -3 Q'\ 
16 24 o. oo -l -4 -5 -l -) - 3 -3 4 5 5 8 12 10 3 7 11 1 1 0 0 0 -3 
TMLP: C. I NCIDENT SOLAR RADIATION ON A 60 DCGR££ SURFACP: AND TEMPP.R~TURP.S MONITORED AT LOCATIONS IN P'lGURl!! 5 
------------------------------------------------------------------------------------------------------------------------------
PYRANOMETER (PYRA) REI\DINGS,KWH, 1\NO TEMPERATURES,C, AT LOCATION NUMBER 
------------------------------------------------------------------------------------------------------------------------------
0.\Y Hfl rYR/1 1\'10 17 18 19 21 22 23 2~ 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
(~arch and l\ori1 1980) 
-------- ----------------------- -----------------------------------------------------------------------------------------------17 l o. oo -4 -5 -5 -4 -3 -4 -4 2 3 3 7 11 9 2 5 10 7 0 0 0 -1 -4 
17 2 0. 0~ -4 -5 -6 -5 -4 -4 -4 l 2 2 5 9 8 1 4 9 6 -1 -1 -1 -2 -4 
17 3 0. 00 -5 -6 -6 -6 -5 -5 -s 0 0 0 4 8 7 0 3 9 5 -2 -2 -2 -2 -5 
17 4 0. 00 - 5 -7 -7 -6 - 6 - 6 - 6 - 2 - 1 -1 3 7 6 - 1 2 8 4 -2 -3 -3 - 3 -6 
17 5 0.00 -6 -7 - 7 -7 -7 - 6 -6 - 3 -2 - 2 2 5 4 -2 1 7 3 -3 -3 -3 -4 -6 
11 6 0 . co -6 -1 - 1 -1 - 7 - 6 -6 - 4 -) -3 0 4 3 -2 0 6 2 -) -4 -4 - 4 -6 
17 7 I. 00 -4 -1 - 7 -1 -6 - 6 -6 - 4 -4 -3 - 1 3 2 -3 -1 5 2 -4 -4 -4 -4 -6 
17 8 ).00 3 -3 - 4 -1 2 - 3 -) -4 -4 -3 - 2 2 2 -3 - 1 5 1 -) -2 -3 -2 -1 
1 7 9 l q,oo 6 12 15 11 12 12 :o 0 0 - 1 - 2 -2 -1 4 2 0 4 1 16 
17 10 27. 00 6 18 24 26 25 27 22 1) 9 9 4 5 0 '; 3 3 4 15 9 7 28 
17 ll 32.00 7 31 H 38 34 42 36 2& 20 20 11 5 10 ) 2 4 4 10 24 16 14 4 2 
17 12 35 . 00 8 49 50 45 39 50 0 37 30 30 19 ll 17 7 6 6 7 15 )) 23 19 so 
17 l3 30 . 00 9 33 40 ~a 40 52 43 45 37 37 27 1 7 24 ll 11 10 9 2 39 28 23 47 
17 14 25. CO 8 28 40 0 37 48 38 43 39 39 32 2 3 29 15 I S 13 11 22 40 30 24 42 
17 15 30. 00 7 26 40 41 39 42 34 0 3U 33 36 21 33 19 19 16 14 24 40 31 26 42 
17 1 6 12. co 7 20 20 29 25 32 25 45 37 36 3B 30 34 21 22 18 16 24 34 28 23 25 
l7 17 l3. 00 7 14 15 22 22 24 19 41 32 32 37 31 32 23 23 18 16 23 29 25 20 20 
17 lB 3. no 5 1 5 13 12 15 12 36 28 28 35 3l 30 21 23 18 lS 20 21 20 16 10 
17 19 0.00 2 5 3 a 5 10 10 30 26 27 3l 30 27 17 21 18 17 17 15 15 12 6 
l7 2D 0.0 0 l 3 1 6 3 6 8 23 25 25 27 2 8 24 14 19 1 7 16 14 ll 12 9 5 
l7 21 c. oo 2 3 1 5 3 5 6 18 21 22 23 26 22 12 17 1 7 15 11 9 10 8 ~ 
17 <2 0. 00 l 1 0 4 2 3 4 14 17 19 20 23 20 10 15 16 13 9 8 8 6 3 
17 23 0 . 00 1 1 0 3 2 3 3 12 15 16 17 21 19 9 14 16 l3 8 1 7 5 2 
17 24 o. oo l 0 - 1 2 1 l 2 9 12 14 14 19 17 7 12 15 12 6 5 5 4 1 
18 1 0. 00 1 -1 -1 1 1 1 1 7 10 11 12 17 15 6 11 15 11 5 4 4 3 1 
10 2 o.oo 1 0 -1 1 0 1 1 6 8 9 10 15 14 5 9 14 10 4 4 4 3 1 
18 3 0.0 0 0 -1 -2 Q 0 0 0 4 6 8 9 14 13 5 8 13 9 3 3 3 2 0 
18 4 o. oo -1 -2 -3 ~l -1 -1 - 1 4 5 6 8 12 12 4 7 13 9 3 3 2 2 -1 
18 5 o . o~ -1 ~3 -3 -2 - 2 -2 -2 3 4 5 7 ll 10 3 6 12 8 2 2 1 1 -2 
18 6 0. 00 -2 -3 -4 - 3 -2 -2 -2 2 3 4 6 10 9 2 s ll 7 1 1 1 0 -2 
16 7 2. QO 0 -3 -3 - 2 -1 -2 -2 1 2 2 5 9 7 2 5 10 6 1 1 1 0 -1 
18 8 4. 00 3 1 0 4 6 l l l 2 2 4 8 7 2 4 9 6 2 2 2 2 3 
10 9 19 . 00 5 25 22 20 20 15 14 5 5 5 4 7 7 3 4 9 6 5 9 6 6 23 
1 8 10 26. 00 1 3S 30 31 32 26 23 1 5 12 12 0 7 10 5 5 8 7 9 18 13 12 30 
18 ll 30. 00 8 49 52 43 31l 34 32 27 20 20 14 9 14 8 8 9 9 14 25 1'} 16 45 
18 -12 27. 00 10 40 . 46 38 38 33 3:. 29 25 26 19 12 18 11 11 10 11 17 27 22 19 40 
10 l3 32 . 00 12 so 4) 47 44 4o 4 2 35 3l 32 24 17 23 15 15 12 13 21 35 27 23 47 
10 14 29.UO 13 72 67 67 51 55 53 41 35 37 25 20 26 16 15 14 14 19 21 17 20 67 
18 1 5 22. 00 15 35 38 45 41 43 39 45 41 41 33 24 29 20 20 16 17 25 37 3l 27 40 
18 16 17. 00 15 30 3 2 38 36 36 3 4 4) 40 .;o 35 27 33 23 23 19 1 9 27 36 31 27 35 
18 17 10 . 00 14 21 20 28 27 28 25 40 37 37 36 30 33 25 25 20 2l 26 32 28 24 25 
18 18 3. 00 12 17 13 18 17 20 q 36 33 33 H 31 )l 24 25 21 21 24 25 24 21 17 
18 19 0 . 00 10 12 9 13 12 15 14 31 29 29 31 30 29 22 24 21 20 21 21 20 17 12 
18 20 o.oo 9 10 8 11 10 12 12 26 27 26 29 29 27 20 23 21 1 9 19 17 17 15 11 
18 21 o. oo 8 8 7 9 9 10 10 22 24 23 26 26 25 17 2l 20 18 17 15 15 13 9 
18 22 0.00 8 7 6 8 8 9 9 18 20 20 23 26 23 16 19 20 18 H 13 13 12 9 
18 23 0.00 7 7 6 B 8 8 8 16 17 17 21 24 22 l4 18 19 17 13 12 12 11 8 I-' 
1'8 24 o.oo 7 6 6 7 7 7 7 14 15 15 19 23 20 13 17 19 16 12 ll ll 10 7 0 -...J 
TlletE C, INCIDENT SOLIIR RIIOIIITION ON II 60 OEGRP.E SURFACE NIO TEMPERATURES MONITORED AT LOCATIONS I N fiGURE 5 
------------------------------------------------------------------------------------------------------------------------------
PYRIINOMETER (P'lRII) READINGS, KW f!, /\NO TEMPERATURES,C, AT LOC/ITIOH NUNBER 
------------------------------------------------------------------------------------------------------------------------------
D"Y Hn pyp,r, Mm 17 18 19 21 22 23 24 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
( ~n rch and 1\ nrll 1980 ) 
------------------------------------------------------------------------------------------------------------------------------
19 1 0 . 00 7 6 5 6 1 1 1 12 )3 14 17 21 19 12 15 18 15 11 10 10 9 7 
19 2 o. no 6 4 4 5 6 5 5 11 11 12 15 20 18 11 14 18 15 10 9 9 8 6 
19 3 0 . 00 5 4 3 4 5 5 5 9 10 11 14 18 16 13 17 14 9 8 8 7 5 0 
19 4 o.uo 4 3 2 3 4 4 4 8 9 9 13 17 15 9 12 17 l3 8 7 7 6 4 
19 5 0 .00 2 l 0 1 2 2 2 7 8 8 12 1~ 14 8 11 1 6 12 6 6 6 5 2 
19 6 0.00 0 -1 -2 0 0 0 0 6 1 7 11 14 lJ 7 10 15 11 5 4 4 3 0 
19 7 1. 00 0 -1 -2 -1 0 0 -1 5 5 5 9 l3 11 6 9 14 10 4 3 3 2 0 
19 a 3.00 9 3 2 7 9 3 3 4 5 a 12 11 s 8 14 10 5 5 5 5 5 
1? 9 12. 00 0 16 1 4 15 1a 13 12 8 6 7 8 11 11 6 e 13 10 7 9 8 7 17 
Jg 1 0 2 3. 00 ll 25 27 25 29 2 ) 1 9 12 11 11 9 10 12 8 9 12 11 10 16 12 11 28 
19 11 31.00 17 45 4A ~ 0 41 40 H 2 3 18 19 1~ ll 15 10 10 1Z 12 14 25 20 10 (6 
19 1 2 26. 00 19 1,4 52 46 q 46 1.0 :.5 20 29 21 14 20 13 12 13 13 19 33 26 24 41 
19 1 3 26. 00 17 · 32 35 39 39 38 33 36 31 32 25 18 H 16 15 1 5 1 5 2l 32 26 24 ~0 
19 14 16 . 00 19 3l ) 4 1,2 40 42 36 42 36 37 31 23 29 19 19 17 17 24 37 Jl 27 40 
19 15 24 . 00 19 34 39 45 4 ~ 43 38 44 30 39 35 26 32 22 22 19 19 27 40 33 29 43 
19 1 6 19 . 00 16 27 30 JJ 31 33 H 41 37 38 35 28 32 24 21, 20 21 26 34 29 26 32 
19 17 10 .00 13 19 18 :s 24 25 23 38 35 35 34 30 31 25 25 20 22 24 30 26 23 23 
19 1 0 1. 00 10 14 11 15 l4 19 16 34 32 :i2 32 30 29 24 25 21 21 21 23 22 19 15 
19 19 o.oo a. 9 9 12 , , .. 13 12 29 28 20 30 29 27 21 24 21 20 20 19 19 16 11 
19 20 0. 00 n 6 6 10 9 9 10 24 24 25 27 28 25 1 8 22 21 19 17 15 16 13 8 
19 21 0.00 5 5 4 7 7 7 7 20 21 22 24 27 2 3 15 20 20 18 15 13 13 11 6 
19 22 o . oo 4 3 3 6 5 s 6 16 18 19 22 25 22 13 18 20 17 12 10 ll 9 5 
19 23 0. 00 4 ) 3 5 5 5 5 13 15 16 19 23 20 12 16 19 16 11 9 9 8 5 
19 24 0. 00 4 4 3 5 r, 4 5 11 14 15 17 21 19 11 15 18 15 9 8 9 7 5 
20 1 0.00 2 1 1 3 3 3 3 10 12 13 15 19 18 10 13 18 14 8 7 7 6 3 
20 2 o.no 1 1 0 2 2 2 2 9 10 11 14 18 1 6 8 12 17 13 7 6 6 5 2 
20 3 0. 00 0 -1 -1 0 1 0 1 7 a 9 12 16 15 7 ll 16 12 5 5 5 4 1 
20 4 0.00 -1 -2 - 2 -i - 1 -1 0 5 7 7 10 15 14 6 10 16 11 4 3 3 3 -1 
20 5 0. 00 -1 -1 -2 -1 0 -1 -1 4 5 6 9 l4 13 5 0 15 10 3 3 3 2 0 
20 6 o. oo -1 - 1 - 2 -1 0 - 1 -1 3 4 5 7 12 11 4 7 14 9 3 2 2 2 0 
20 7 3. 00 2 -1 -2 -1 0 - 1 -1 2 3 4 6 11 10 3 6 13 9 2 2 2 2 0 
20 0 2. 00 2 1 1 2 4 2 2 2 3 3 6 10 9 3 6 12 0 3 3 3 3 3 
20 9 19 . 00 6 l3 17 14 15 l3 5 ~ 5 5 9 9 4 6 11 9 4 6 6 5 l d 
20 10 15. 00 6 13 14 19 18 16 :) 12 9 10 7 8 10 6 6 11 9 7 13 10 9 18 
20 11 4 . 00 4 0 6 9 10 10 10 12 ll 12 9 8 11 7 7 10 10 7 11 9 8 9 
20 · 12 4. 00 4 7 6 8 .9 9 ll 11 ll 9 9 11 8 8 10 9 7 10 8 7 8 
20 13 4. r. o 5 8 7 10 10 9 9 ll 10 11 10 9 11 8 8 9 9 7 10 8 8 9 
20 14 6 . 00 6 ll 10 13 13 12 11 12 11 12 10 10 1 1 9 9 9 10 8 12 10 9 10 
20 1') 10. 00 6 11 10 l3 13 12 11 12 11 12 10 10 11 9 9 9 10 8 12 10 9 13 
20 16 4 .00 s 9 7 ll 1 0 11 11 13 12 13 11 10 11 9 9 9 10 9 12 10 9 10 
20 17 7. 00 4 10 9 13 12 12 12 13 12 13 11 10 11 9 9 9 10 9 12 10 9 12 
20 18 3. 00 2 8 6 10 9 10 10 13 l3 l3 12 10 l2 10 10 9 10 8 12 9 8 9 
20 19 1. 00 1 2 1 4 4 s 5 11 11 11 ll ll 11 9 10 9 9 7 8 7 6 4 
20 20 o . oo 0 0 0 1 1 2 2 9 9 9 ll 11 10 8 9 9 9 6 6 s 4 1 
20 21 o.oo 0 -1 -1 0 0 1 1 8 7 7 lO 1.0 9 7 9 9 8 5 4 4 3 0 
20 22 o.oo 0 -1 -2 -1 -1 () () 5 s 5 9 10 8 6 8 9 7 4 3 3 2 0 
20 2 3 0. 00 -1 -2 -3 -2 -2 -2 - 1 4 3 3 . 7 9 7 5 7 6 3 2 2 1 - 1 () -20 24 0. 00 -2 -3 -3 -3 -3 -2 -2 3 2 2 6 9 6 4 6 8 6 2 1 1 l -2 0 
00 
TfiOL!: C. IIIC!OF:tlT SOL/II! 1!1\0!r.TION ON r. 60 l)f.GI!!:F: ~UI!Fr.Ct: r.ND TE~IPEI!ATUI!r.~ MONITORED AT LOCATIONS IN P'IGURI': 5 
------------------------------------------------------------------------------------------------------------------------------
PYilii~OMET&R (PYI!A) REI\OINGS,KWII, liND TEMrZili\TURES,C, !\T LOCATION NUHllER 
------------------------------------------------------------------------------------------------------------------------------
1),\'f HP. PYPI\ !\M13 17 18 19 21 22 23 24 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
( l\~ rch and An r ll 1980) 
------------------------------------------------------------------------------------------------------------------------------
26 1 0.00 0 0 0 0 2 1 1 4 6 6 8 11 10 5 7 11 9 4 3 3 3 1 
26 2 0 . 00 1 0 0 0 2 1 1 3 5 4 7 10 0 4 6 10 8 3 3 3 2 1 
26 3 0. 00 1 0 0 1 2 1 1 3 4 4 6 9 8 4 6 10 7 3 3 3 ) 1 
26 4 0.00 1 0 0 1 2 1 1 2 3 3 5 8 7 3 5 9 7 3 3 3 3 1 
26 5 0 . 00 1 0 0 1 2 1 1 2 3 3 4 7 6 3 5 9 6 3 3 3 3 2 
26 6 0 . 00 1 0 0 0 1 1 1 2 2 2 4 6 5 3 4 8 6 2 3 2 2 1 
2o 7 u.oo 1 0 0 2 l l 2 2 2 2 3 5 5 2 4 7 5 2 2 2 2 1 
20 8 1. 00 0 0 0 1 2 1 1 2 2 2 3 5 4 2 3 7 5 2 2 2 2 1 
26 q 2. 00 l 0 0 l 2 l l l 2 2 3 4 4 2 ) 5 !; 2 ) 2 2 2 
26 10 S.00 l 2 2 4 5 3 3 2 2 3 4 4 3 3 6 5 ) 3 3 ) 4 
26 11 6 . 00 2 4 3 5 6 4 4 2 2 3 2 3 4 3 3 5 4 3 4 3 3 6 
26 13 ( • • 00 3 6 5 7 0 6 6 3 3 4 3 ) 4 3 3 5 4 5 6 4 4 8 
26 H 3.00 3 4 3 4 5 4 4 4 4 3 3 4 4 3 5 4 4 6 4 5 
26 15 . 5.00 4 6 5 7 7 6 6 4 4 5 4 4 5 4 4 5 5 5 6 5 7 
25 1~ 3. 00 3 4 3 s 5 4 '• 5 4 5 4 4 5 4 4 5 5 5 6 4 6 
25 1 7 l.OO 3 4 ) 4 5 5 5 5 5 5 4 4 5 4 4 5 5 4 5 4 5 
2& 18 1. 00 3 2 3 3 3 4 4 5 5 4 5 4 4 5 5 4 5 4 4 4 
26 19 o. oo 2 1 1 2 2 2 4 4 4 4 5 5 4 4 5 5 4 4 3 3 3 
2fi 20 0 . 00 2 1 0 1 2 2 2 3 3 3 4 4 4 3 4 4 4 3 3 3 2 2 
26 21 0 . 00 2 l 0 1 l l 1 2 3 2 3 4 3 3 3 4 4 3 3 3 2 2 
26 21 0.00 2 1 0 1 1 1 1 2 3 2 3 4 3 3 3 4 4 3 3 3 2 2 
26 22 0.00 2 0 0 1 l l l 2 2 2 3 3 3 2 3 4 3 2 2 2 2 2 
26 23 0. 00 1 0 0 1 J. 1 1 2 2 2 2 3 3 2 3 4 3 2 2 2 2 1 
26 24 u.oo l 0 0 1 l l 1 2 l 2 2 3 2 2 3 3 3 2 2 2 l 1 
27 1 0.00 1 0 0 0 1 1 1 1 1 1 2 3 2 2 2 3 3 2 2 2 2 1 
21 2 o. oo 1 0 0 0 l 1 1 1 1 1 2 2 2 2 2 3 2 1 2 1 1 1 
27 J 0. 00 1 0 0 .0 1 1 1 1 1 1 2 2 2 2 2 3 2 1 1 1 1 l 
27 4 0.00 1 0 0 0 1 0 0 1 1 1 2 2 2 2 2 3 2 1 1 1 1 1 
27 5 O. CQ 0 -1 -1 0 l 0 0 1 1 l 1 2 2 1 2 3 2 l 1 1 1 0 
27 6 0 . 00 0 -1 - 1 G 1 0 0 1 1 1 1 2 2 1 2 3 2 1 1 1 1 0 
27 7 ) . uo 1 0 0 0 1 0 0 1 0 1 1 2 1 l 1 2 2 1 1 1 1 1 
27 8 6.00 5 0 0 1 0 0 0 0 0 1 1 1 1 1 2 1 1 1 1 1 1 
27 9 21 • 00 12 6 11 7 5 G 5 2 1 1 1 1 1 1 1 2 2 2 4 2 3 9 
27 10 32 . 00 12 1G 21 21 17 17 15 8 G 6 4 2 3 3 2 2 2 4 11 6 5 22 
2 7 11 30.00 10 26 37 32 32 27 23 16 12 13 9 4 7 5 4 3 3 9 19 9 12 32 
27 · 12 26.00 11 31 40 3 9 37 34 29 25 20 22 15 6 13 8 7 5 5 l3 25 19 16 38 
27 lJ 36 . 00 11 31 35 34 35 3: 21 28 24 25 10 12 17 11 10 7 7 15 26 20 1 7 34 
27 14 9. 00 8 17 13 21 21 21 17 28 24 26 21 15 19 l3 12 8 9 15 22 18 16 18 
27 15 9. 00 9 15 14 2 1 2l 18 17 7.6 ~3 24 22 17 20 15 14 10 11 15 21 18 16 19 
21 16 10 . 00 7 17 16 23 25 18 17 24 H 2J 21 18 20 15 15 11 12 15 20 17 15 18 
27 17 7 . 00 7 14 12 10 19 15 1 ~ 21 20 21 21 19 21 16 16 12 13 15 18 16 14 15 
27 16 2. 00 4 8 6 9 9 9 9 1q 19 19 20 19 19 15 16 12 l3 l3 13 13 11 8 
27 19 0 . 00 2 4 2 4 4 5 5 16 17 16 18 ·18 17 17 15 12 12 10 9 10 8 3 
27 20 o.oc 0 2 0 2 2 3 3 13 1 4 14 15 17 16 10 13 12 11 8 7 7 6 2 
27 21 o. oo 0 1 0 1 2 1 1 10 12 11 13 lG 14 8 11 12 10 7 5 6 4 1 
27 22 0.00 0 1 0 1 2 l 1 a 9 9 12 14 13 7 10 12 10 6 4 5 4 1 
27 23 O,GO 0 1 0 1 2 1 l 6 0 1 10 13 12 6 9 11 9 s 4 4 3 1 1-' 
27 2' o.oo 1 l 0 l 2 1 1 5 6 6 9 12 11 6 8 l.l 9 4 4 4 3 1 0 \.0 
Tl\!lL£ C. H!CIO£NT SOLJ\ R RI\OII\TION OS 1\ 60 OEGRE£ SURFI\Cr. 1\~0 TEMPERI\TURf.S MONITORED .t.T LOC.t.TIONS IN P'IGUR!: 5 
------------------------------------------------------------------------------------------------------------------------------
PYRI\'!OMETER (PYRI\) REI\DINGS,KWtt, liND TEMPF.:RI\TURES,C, 1\T LOCI\TIOtl NUMBER 
------------------------------------------------------------------------------------------------------------------------------
I;.W liP PY F ~ 1\!-ll! 17 18 19 21 22 23 24 25 26 27 2 8 2 9 30 31 32 33 H 52 53 54 57 
(: larch and 1\ n r I l 19 80 l 
------------------------------------------------------------------------------------------------------------------------------28 1 0 . 0 0 0 0 0 2 1 1 4 s s 7 10 9 5 7 10 8 3 3 3 3 1 
28 2 0 . 00 1 0 0 2 1 1 3 4 4 6 9 8 4 6 10 8 3 3 3 3 1 
2R 3 o.oo 0 0 0 i 2 1 1 3 3 3 5 8 7 4 5 9 7 2 3 2 2 l 
2Q 4 0. 00 1 0 0 0 2 1 1 2 3 3 5 7 7 3 5 9 7 2 3 3 2 1 
28 5 0 . 00 1 0 0 0 1 1 1 2 2 2 4 6 6 3 4 8 6 2 2 2 2 1 
28 6 o. uo 1 0 0 0 1 1 2 2 2 3 5 s 3 4 8 6 2 2 2 2 1 
2~ 7 0 . 00 1 0 0 0 2 1 1 2 2 2 3 5 4 2 3 7 5 2 2 2 2 l 
26 8 l. c ~ 1 l 1 1 2 1 1 1 2 2 3 4 4 2 3 6 5 2 2 2 2 2 
28 q 2. 00 2 2 2 2 3 2 2 2 2 2 3 4 4 2 3 6 5 2 3 3 2 3 
28 10 2.UO l 2 1 2 3 2 2 2 2 2 3 4 4 3 3 6 5 2 3 3 2 3 
20 ll 4. 00 l 2 2 3 4 2 3 2 2 2 2 3 3 2 3 5 4 2 3 2 2 3 
20 12 4 . 0 0 2 ~ 4 5 6 4 4 3 3 3 3 3 3 3 3 4 4 3 4 2 3 5 
28 l) 3. 00 l 4 3 5 5 4 4 3 3 4 3 3 4 3 3 4 4 3 4 2 3 4 
28 1 4 3 .00 1 2 1 3 3 3 3 3 3 ~ 3 3 4 3 3 4 4 3 3 2 2 3 
20 1 5 7 . 0 0 2 2 l 3 3 3 3 3 3 3 3 3 4 3 3 4 4 3 4 3 2 2 
28 16 '<.00 2 3 2 4 4 ) 3 3 3 3 3 3 4 3 3 4 4 3 4 3 2 3 
28 1 7 2. 0 0 2 3 2 4 4 3 3 3 3 3 3 3 4 3 3 3 4 3 4 3 . 2 3 
28 1 8 2. 0 0 1 2 1 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 
2a 19 0. 00 2 1 1 1 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 2 l 
28 20 0.00 1 1 1 l 2 2 2 3 3 3 3 3 3 3 3 3 3 2 2 2 2 l 
28 2 1 0.00 2 1 . 1 1 1 1 2 2 2 2 3 3 3 2 3 3 3 2 ;, 2 2 1 
28 22 0 .00 1 1 1 1 1 1 l 2 2 2 3 3 3 2 3 3 3 2 2 2 2 1 
28 23 0. 00 l 1 0 1 1 l 1 2 2 2 2 2 2 2 2 3 2 2 2 2 1 1 
28 24 0 . 0 0 l 0 l 1 l l 2 2 2 2 3 2 2 2 3 3 2 2 2 1 1 
29 1 0 .0 0 l 0 0 1 1 1 l l l 1 2 2 2 2 2 3 2 l 2 1 1 1 
29 2 o. on l 0 0 0 l l 1 1 1 l 2 2 2 2 2 3 2 . 1 l 1 l l 
<9 3 0 . 0 0 0 0 0 - 0 l 0 l 1 1 1 2 2 2 2 2 2 2 l 1 1 1 0 
29 4 0. 0 0 1 0 0 0 1 1 1 l 1 l 2 2 2 2 2 2 2 l l 1 l 1 
29 5 o. no 0 0 0 0 1 0 0 1 1 1 1 2 2 1 2 2 2 1 1 l l 1 
2 '1 6 o. oo 0 0 0 0 0 0 0 l 0 0 1 l l 1 l 2 l l l l l 0 
29 7 l. 00 l 0 0 0 l 0 0 l 1 l 1 l l 1 l 2 2 1 l l l l 
2 9 8 4. 00 l 1 0 1 1 l l 1 l 1 l l l l l 2 l 1 1 1 1 l 
29 9 8. 00 2 1 3 2 2 2 1 1 1 l l 1 1 1 2 l 1 1 1 1 3 
29 10 '1 .00 3 6 · 4 9 6 6 6 2 2 2 1 1 2 2 1 2 1 2 4 3 3 7 
29 11 5. 0 0 2 5 3 7 6 5 5 3 3 4 2 2 2 2 2 2 2 3 4 3 3 6 
29 12 6 .00 3 6 9 9 ~ 7 5 4 5 3 2 3 3 2 2 2 4 6 l 4 8 
29 13 5 .00 3 7 6 9 9 7 6 5 6 4 3 4 4 3 2 3 4 6 4 5 a 
29 14 3. 0 0 3 6 5 7 8 6 6 6 6 6 4 3 5 4 4 2 3 5 6 4 5 7 
29 15 2. 00 · 4 6 5 7 7 6 6 6 6 6 5 4 5 5 4 3 4 5 6 4 5 7 
29 1 6 2 .00 5 6 6 7 8 7 7 7 6 6 5 4 5 5 5 3 4 5 6 4 5 7 
29 17 2. 0 0 5 6 6 7 7 7 7 7 6 7 6 5 6 5 5 3 4 s 6 5 s 7 
29 1 8 1. 0 0 5 5 5 5 6 6 6 G 6 6 6 5 6 5 5 4 4 5 6 5 5 6 
29 19 0 . 00 4 4 4 4 4 ~ 5 6 6 6 6 5 6 5 5 4 4 5 5 5 5 4 
29 20 o. oo 3 3 3 3 3 4 4 5 5 5 6 5 5 5 5 4 4 4 5 4 4 4 
29 21 0.00 2 2 2 2 2 3 3 5 5 5 5 5 5 5 5 4 4 4 4 4 3 2 
29 22 0.00 1 l l 1 1 2 2 4 4 4 5 5 5 3 5 4 4 3 3 3 2 1 
. 29 23 0 . 00 0 0 -1 -1 -1 0 0 3 3 3 4 5 4 3 4 4 4 2 2 2 l 0 --29 H 0.00 0 -l -1 -1 -1 0 0 2 2 2 4 4 4 l 4 4 l 2 l l 1 0 0 
TIIO!.E C. lNCIDP.NT SOI.IIR RI\011\TION O. II 60 OEGREE SURPliCE hND TEMPERATURES MONITORED /IT I.OCIITIONS IN f'IGURE 5 
------------------------------------------------------------------------------------------------------------------------------
PYrt!I'IOM I:TER (PYRI\) RE/\DINGS,KWI! , 1\110 TEMP&RIITURF.S,C, /IT I.OCIITION NUMBER 
------------------------------------------------------------------------------------------------------------------------------
01\Y liP PYPI\ A~ ! n 17 18 19 21 22 23 24 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
( ~a rch and ~nri1 1960\ 
---------------------------------------------·--------------------------------------------------------------------------------30 1 0.00 0 -1 -1 -1 -2 0 0 l 1 1 3 4 ) 2 3 4 3 1 1 1 0 -1 
30 2 o. oo - 1 -1 -1 -2 -2 -1 -1 1 1 1 3 4 2 2 3 4 2 1 0 0 0 -1 
) 0 ) o. no 1 0 -1 -1 0 0 0 1 1 1 2 3 2 2 3 4 2 1 1 1 1 0 
JO 4 0. 00 0 - 1 - 1 - 2 - 2 0 0 0 0 0 2 3 2 1 2 3 2 0 0 0 0 -1 
J O 5 0.00 0 - 1 - 2 - 2 -2 -1 - 1 0 0 0 1 2 1 1 2 ) 1 0 0 0 0 -1 
JO 6 o. on 0 - 1 - 2 -2 - 2 -1 -1 0 0 0 1 2 1 1 2 3 l 0 0 0 0 - 1 
JO 7 l. 00 l 0 0 0 1 1 1 0 0 0 1 2 1 1 1 ) 1 1 1 1 l 
30 8 2. 00 1 1 l 2 2 1 1 0 0 0 1 1 1 2 1 1 1 1 1 2 
JQ 9 7.00 2 s & 7 e 5 s 1 1 1 1 1 1 1 2 1 1 ) 1 2 7 
JO 10 16 . 00 5 1 6 18 22 24 13 1 4 5 3 4 2 1 ) 2 2 2 2 5 9 7 6 19 
30 11 R. OO 4 13 11 15 15 12 l3 9 8 9 4 2 5 4 3 2 ) 6 10 8 7 1 J 
) 0 l 2 7 . 80 4 11 9 12 l3 10 ll 10 9 10 6 4 6 6 4 3 4 6 10 R 7 11 
JO 1 3 12. 00 6 13 14 1 8 20 15 15 11 10 ll 1 s 8 7 5 l 4 s 12 10 9 17 
30 14 14 . QO 7 19 1 7 23 24 17 1 8 14 l3 1 ~ 9 7 10 8 7 4 6 ll 15 13 11 2\J 
JO 1 5 lG . 00 9 21 1 9 27 28 19 19 16 15 16 12 8 12 10 9 5 7 12 17 15 13 22 
30 1 G lJ. uo 8 18 1(, 2 " 26 18 18 1 7 16 17 13 10 l3 ll 10 7 8 1) 17 15 14 19 
J O l7 7. 00 8 13 11 15 lG 14 1 ·1 16 16 17 14 11 1 4 12 ll 7 9 12 15 1 3 1 2 14 
30 l R 2 . 80 6 9 7 10 9 10 10 15 15 15 14 12 14 11 11 8 9 11 12 11 10 9 
30 19 0 . 00 6 7 6 7 7 8 7 13 13 13 1 12 13 ll ll 9 9 10 1 0 10 9 7 
30 20 0. 00 5 6 5 6 6 G 6 11 11 11 12 12 12 10 ll 9 9 9 8 8 8 6 
30 21 0. 00 ) 4 3 4 3 6 4 9 10 10 11 12 11 9 10 9 9 8 1 7 6 3 
JO 22 0. 00 1 1 G 1 1 2 2 8 8 8 10 ll 10 8 9 9 e 6 5 5 4 1 
30 23 o.no 1 1 0 0 0 l l G 6 6 9 ll 9 7 9 9 7 5 4 4 J 1 
JU 24 0.00 1 0 0 0 0 1 5 5 5 8 1 0 8 6 8 8 7 5 3 4 3 1 
31 1 o.oo 0 -1 -1 -1 - 1 0 0 J 4 4 7 9 7 5 7 8 7 4 2 3 2 0 
31 2 0. 8fl -1 - 1 - 2 - 1 -1 0 0 J J J G 8 7 4 5 0 6 ) 2 2 1 -1 
31 3 0 . 00 -1 -1 - 2 -2 -2 - 1 -1 2 2 2 5 7 6 ) 5 8 s 2 1 l 1 -1 
31 4 0 . 00 -2 -2 - 3 -) -3 - 2 -1 1 1 4 7 5 3 s 7 5 5 1 0 1 0 -2 
31 s o. oo -2 - J -3 -3 -4 -2 -2 1 l 1 4 6 4 2 4 7 4 1 0 0 0 -2 
31 6 0 .0 0 -2 -3 -3 -3 - 4 -2 -2 0 0 0 3 5 4 2 4 7 4 0 -1 0 -1 -2 
31 1 ). 00 1 - 2 -2 -2 - 2 -2 -2 -1 -1 -1 2 4 3 1 ) 6 ) 0 -1 -1 -1 -1 
Jl 8 q, oo 7 2 2 4 5 2 2 0 0 0 1 ) 2 1 2 5 2 1 l l 1 4 
31 9 1 J. 00 7 10 12 15 l7 9 9 2 2 2 2 3 ) 2 2 5 ) ) 6 4 4 12 
31 10 2R.OO 11 22 27 2A 31 19 19 9 7 8 4 ) 6 4 3 4 4 7 14 10 10 H 
. Jl 11 32. 00 lQ JO 36 37 41 2n 26 16 13 15 8 5 9 6 5 5 5 11 20 16 15 3J 
31 12 33 . 00 l) 40 51 45 46 3 8 )~ 25 21 23 15 8 15 9 8 7 7 16 27 22 20 4) 
31 l 3 34.00 ! 2 45 49 50 43 4 · 41 34 29 Jl 22 13 20 13 12 10 10 20 J2 26 23 46 
31 14 )2. 00 1 ; 46 sa 50 49 39 38 38 34 36 27 18 25 17 17 12 13 22 36 29 2S 46 
3l l S 25 . 00 1l 30 26 H 44 31 30 36 35 37 31 2 3 29 22 20 15 15 23 36 29 26 )) 
31 16 13.00 11 23 18 )l 34 25 25 33 33 35 30 25 30 23 23 16 17 23 30 27 23 23 
31 17 n.co 10 18 15 22 23 19 19 30 30 31 29 26 29 7.2 23 17 16 21 2S 23 20 18 
3l 18 2 . 00 9 13 10 14 14 14 14 26 27 28 27 26 27 21 22 18 18 19 20 19 17 12 
31 19 0 . 00 6 9 7 10 9 10 10 22 24 24 24 25 25 18 21 18 18 16 16 16 14 8 
31 20 0 . 00 5 7 5 8 7 7 8 10 21 21 22 24 23 16 19 18 16 14 13 13 11 6 
Jl 21 0. 00 4 5 4 6 6 6 6 14 1 8 18 19 22 21 14 17 18 16 12 10 11 9 s 
31 22 o.oo ) 4 3 5 5 5 5 12 15 15 17 2l 20 12 16 17 15 10 9 9 8 4 
3l 23 o.oo ) 3 2 4 4 4 4 10 ll 13 lS 19 18 10 l4 17 14 9 8 8 7 3 ...... 
31 24 o.oo 2 3 2 3 4 3 3 8 11 11 13 17 17 9 . 13 16 13 B 6 7 6 l . ..... ..... 
TML£ C, I NCID F.NT SOLh R RhDI ATION ON A 60 DEGREE SURFACE hNO TEM PERhTURE S MONITORED AT LOCATIONS IN P'IGURE 5 
------------------------------------------------------------------------------------------------------------------------------
PY RhNOMETER (PYRA) READINGS,KiiH, AND TEMPERATURCS,C, AT LOCATION NUMDER 
------------------------------------------------------------------------------------------------------------------------------
DAY H't pyp~ A'Hl 17 18 19 2l 22 23 24 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
(~arch and ~oril 19aO) 
------------------------------------------------------------------------------------------------------------------------------1 1 0.00 2 2 1 2 3 2 2 7 9 9 12 16 15 8 11 15 12 6 5 6 5 2 
1 2 o. oo 1 1 0 1 2 2 1 6 7 8 10 11 14 7 10 15 12 5 5 5 4 1 
1 3 0 . 00 1 l 0 1 2 1 1 5 6 6 9 13 13 6 9 14 11 5 4 4 3 1 
1 4 0.00 2 1 1 2 3 2 2 5 6 6 9 12 12 6 9 14 11 5 4 4 4 2 
1 5 0. 00 2 1 1 1 2 2 2 4 5 5 8 ll 1 1 5 8 l3 1 0 4 4 4 3 2 
1 6 o. oa 1 1 1 2 2 4 4 4 7 10 1 0 5 7 1 2 9 4 4 4 J 2 
1 7 v. QO ?. 2 1 2 3 2 2 3 4 4 6 9 9 4 7 12 9 3 4 3 ) 2 
1 8 2 . 00 2 3 3 3 4 3 3 3 4 4 6 (\ 8 4 6 14 0 3 4 4 3 4 
l 9 2.00 3 4 4 4 ~ 4 4 ( s & 7 4 G 10 8 4 5 5 4 5 
1 10 4. 00 G 6 i 9 6 6 4 4 5 7 7 5 6 10 8 5 6 5 5 8 
1 11 4 . 00 s 8 7 9 lC 7 B 6 5 6 5 7 7 5 6 9 s 5 7 6 6 9 
1 12 s. uo 5 10 9 11 12 9 9 7 6 7 6 6 7 6 6 6 7 6 e 7 7 11 
1 13 5 . 00 6 11 10 12 3 10 10 a 7 a 6 6 8 7 6 a 8 7 9 8 a 1 1 
1 14 7 , 00 7 12 12 14 15 11 11 9 9 9 7 8 7 7 s a s 10 9 9 13 
15 H. un 8 14 14 17 l U 13 l3 11 10 10 6 I 9 s 8 R 8 9 12 10 10 16 
1 16 11. ~ 0 9 16 14 20 22 16 16 12 12 13 10 8 11 9 8 e 9 10 14 12 !2 18 
1 J7 12 . 0 0 9 15 l3 20 23 15 15 l3 13 14 11 9 12 10 9 0 9 ll : s 13 1 2 16 
1 18 4. 00 7 10 8 12 12 l 11 13 1 3 14 12 10 13 11 10 9 10 11 l2 12 11 10 
1 1 9 0 .00 4 5 4 6 s 7 6 12 12 13 11 10 1 2 10 10 9 10 9 9 9 8 5 
1 20 0 . 00 2 3 2 3 2 4 10 10 10 ll 11 11 9 10 9 9 8 7 7 6 ) 
1 21 0. 00 2 2 l 2 2 3 2 8 8 8 10 10 10 7 9 9 8 6 5 5 5 2 
1 2 2 0. 00 1 1 0 1 0 1 1 6 6 6 9 10 9 6 8 9 8 5 4 4 3 1 
1 23 o. oo 0 0 - 1 0 - . 0 0 4 s s 8 9 8 5 7 8 7 4 2 3 2 0 
1 24 0. 00 - 1 -2 - 2 -2 -1 -1 ) ) 3 7 9 7 4 7 0 6 3 2 1 - 1 
2 1 0. 00 -2 -2 -3 -3 -2 - 2 -2 2 2 2 6 8 6 3 6 8 6 3 1 1 1 -2 
2 2 0. 00 -2 -3 -3 -3 -3 -2 -2 1 1 1 5 8 5 3 5 8 5 2 0 1 0 -2 
2 3 0.00 -) -3 -4 -4 -3 - 2 -2 1 1 1 4 7 5 2 5 7 5 1 0 0 0 -2 
2 4 0. 00 - 2 -3 -3 - 4 -4 -) -2 0 0 0 3 6 4 1 4 7 4 0 -1 -1 -1 -2 
2 5 o. no -) -4 -4 -4 - 4 -3 -3 - 1 -1 -1 2 5 3 1 3 6 3 0 -1 -1 -1 -3 
2 6 o. oa -4 -4 -5 - 4 - 4 -3 -3 -1 -1 -1 2 4 2 0 2 6 3 -1 -2 -2 -2 -4 
2 7 4. 00 4 -3 -3 -3 - 2 - 2 -2 -2 ··2 -2 1 3 2 0 1 5 2 -1 -1 -1 -1 -1 
2 8 10. 00 7 3 3 6 R 3 4 -1 -1 -1 0 2 2 0 1 5 2 1 2 1 2 s 
2 9 18.00 9 12 t3 17 21 11 11 3 3 3 1 2 3 1 l 4 3 4 a 6 6 15 
2 10 24. no 10 2 0 . 2 3 27 33 19 1? 9 8 9 4 3 5 4 3 4 4 a 14 12 11 24 
2 11 3 1. 00 12 2 a 32 35 40 27 26 17 15 16 9 5 9 6 5 4 6 12 20 17 16 31 
2 . 12 28.00 11 34 37 38 41 32 2? 24 2l 23 14 8 14 10 9 6 6 15 24 21 19 34 
2 13 19. 00 11 29 26 33 )3 2f 27 27 25 27 19 12 18 13 12 . 7 10 16 25 21 19 28 
2 14 10 . 00 11 23 20 25 25 23 23 27 26 20 21 15 20 16 15 9 12 17 23 20 1 g 22 
2 15 j , OO 10 18 15 19 18 10 19 25 25 26 2l l7 20 17 16 10 13 16 20 19 17 17 
2 16 4. 00 10 15 13 16 16 15 15 2J 2J 23 21 19 20 16 17 12 13 1G 10 17 15 15 
2 17 1. 00 9 12 10 13 12 13 12 21 21 21 20 19 19 16 16 12 13 15 1~ 15 14 12 
2 lA 1.00 9 10 9 10 10 ll 10 18 16 18 19 19 18 15 16 13 1 3 14 14 13 12 10 
2 19 0.00 7 8 7 8 8 9 0 16 16 16 10 113 17 l3 15 13 lJ 12 12 12 10 8 
2 20 0. 1)0 6 7 6 7 7 B 7 14 14 14 16 17 16 12 l4 13 12 11 10 10 9 7 
2 21 0.00 6 6 6 6 7 7 6 12 12 12 15 16 15 ll 13 13 12 10 9 9 8 6 
2 22 o. oo 6 6 5 6 6 6 6 11 11 ll 14 16 H 11 12 13 11 9 9 9 8 6 
2 23 o. oo 5 5 5 6 6 6 6 11) 10 10 12 14 13 10 12 l3 11 0 8 8 7 6 ..... ..... 
2 24 0.00 5 5 4 5 6 5 5 9 9 9 ll lJ 12 9 ll 12 ll 7 7 7 1 5 t\J 
\ 
TABLE C. I~CIDENT SOLAR RADIATION ON A 60 D~GREE SURrACE AND TEMPERATURES MONITORED AT LOCATIONS IN riGUR! 5 
------------------------------------------------------------------------------------------------------------------------------
PYR~NOMETER (PYRA) REIID INGS, KWH , liND TEHPERI\TURES ,C, liT LOCATION NU ~lB ER 
------------------------------------------------------------------------------------------------------------------------------
D~Y HR PYnll 1\M B 17 18 19 21 22 23 24 25 26 27 28 29 30 Jl 32 33 51 52 53 54 57 
(Ma rch ond Anri l 1980 ) 
------------------------------------------------------------------------------------------------------------------------------3 l o. oo 5 5 4 5 5 s s 8 8 8 1 0 12 11 8 10 12 10 1 1 1 6 5 
J 2 o. oo 4 4 4 5 s 5 5 7 1 7 10 12 10 8 9 12 10 6 6 6 6 5 
) ) 0. 00 4 4 ~ 4 5 4 4 1 7 1 9 11 1 0 1 9 11 9 6 6 6 5 4 
J 0. 00 4 4 3 4 4 4 4 6 6 6 8 10 9 7 8 11 9 5 6 5 5 4 
J 5 0. 00 3 3 3 3 4 4 ( 5 6 6 0 9 8 ,6 8 10 a 5 5 5 5 4 
3 6 o.uo 3 3 2 3 4 3 3 5 5 5 7 9 B 6 7 10 8 5 5 5 4 3 
3 7 o. uo 3 3 2 3 4 3 J 4 4 4 6 a 1 5 1 9 a 4 4 4 4 3 
3 8 1. 00 2 3 3 3 4 3 4 4 4 6 1 1 5 6 9 7 4 5 4 4 4 
3 9 2. 00 2 3 3 4 5 4 ~ 4 4 G 1 7 5 6 9 7 4 5 5 4 4 
3 10 3.00 3 5 4 5 7 5 5 5 5 6 7 7 5 6 9 1 5 5 5 5 6 
) ll 5 . 00 4 ., 6 7 9 6 5 5 5 6 6 6 6 6 8 7 5 6 6 5 7 
3 12 5. 00 5 8 8 9 10 a 8 6 6 6 6 6 7 6 6 a 7 6 8 1 4 9 
3 13 4. 00 6 9 8 10 10 a 0 1 7 7 6 6 7 6 6 1 7 6 8 7 7 9 
3 14 15 . 00 9 1R 17 1 9 21 16 1 5 9 9 9 7 6 B 1 7 7 7 8 12 10 1 0 20 
) 15 7 . 00 9 15 l4 1 7 16 16 15 12 11 12 8 7 9 8 1 1 8 9 l3 11 10 16 
3 16 5. 00 8 17. 10 u l4 l3 12 13 12 13 10 8 10 9 8 8 8 9 13 11 10 1 3 
3 1 7 3.00 7 10 9 11 11 10 10 12 12 12 10 9 11 9 9 8 9 9 12 10 10 10 
3 18 l. 00 6 0 7 8 8 9 8 11 11 11 10 9 10 9 9 8 9 9 10 9 9 8 
3 19 0. 00 5 5 4 5 5 6 6 10 10 10 10 10 10 9 9 8 9 6 8 8 7 5 
3 20 o. oo 3 3 3 4 4 4 4 8 8 8 9 9 9 8 9 8 8 1 1 7 6 4 
3 21 o.oo 3 2 2 2 3 3 7 1 1 9 9 9 7 B 8 a 6 ~ 5 5 3 
3 22 o. oo l 1 1 l l 2 2 6 6 6 8 9 B 6 a 8 1 5 4 4 4 2 
3 23 0. 00 0 0 0 c 0 1 1 5 4 5 7 8 7 6 7 8 7 4 3 3 . 3 1 
3 24 o.oo 0 -1 - 1 - 1 - 1 0 0 4 4 4 7 6 7 s 7 8 6 4 3 3 2 0 
7 1 0. 00 8 8 7 9 9 9 9 18 20 21 2~ 28 26 11 21 26 22 14 14 H 12 8 
7 2 o. oo 0 7 7 8 B 8 8 16 18 18 21 26 25 15 20 25 20 13 12 12 11 8 
7 3 0 . 00 6 6 6 8 8 7 7 14 16 16 20 25 23 14 18 24 19 12 11 11 10 1 
7 4 o.oo 5 5 5 6 7 6 6 13 14 H 18 23 21 13 17 23 18 10 10 10 9 5 
7 5 0.00 3 4 3 5 5 5 4 ll 12 13 1 21 20 11 15 22 17 9 9 9 7 4 
7 6 0. 00 4 4 3 4 5 4 4 10 11 11 15 20 10 10 14 21 16 8 8 8 1 4 
7 7 2 . 00 . 9 5 5 6 7 5 5 9 9 10 14 18 17 10 13 20 15 6 a 8 7 6 
7 B 10.00 14 10 9 12 14 10 9 9 9 10 12 17 16 10 12 19 15 9 10 10 9 ll 
7 9 1 5 . 00 13 23 23 23 25 20 19 12 1 2 1 3 12 16 16 11 12 16 15 11 16 14 13 24 
7 10 7. 00 10 16 15 16 lB 15 14 14 13 14 13 15 15 12 13 18 16 11 15 l3 13 16 
7 11 7. 00 11 17 16 18 19 16 16 15 14 15 14 15 16 13 13 17 16 12 16 14 13 17 
7 12 10 . 00 14 25 20 28 27 24 2 1 20 19 20 16 15 18 14 14 16 16 15 2l 19 18 24 
7 lJ 13. 00 16 30 26 31 32 26 23 2 2 22 18 1 6 19 16 1.5 16 l 7 17 24 21 20 )0 
7 14 6 . 00 13 19 17 20 20 20 19 22 22 2 2 19 17 20 16 16 16 17 16 2l 19 17 19 
7 15 5 .00 11 17 1 5 17 1R 17 17 21 20 21 19 18 20 16 16 16 17 15 18 17 16 17 
7 16 2. 00 1 2 16 14 17 17 17 16 2l 20 20 20 18 20 17 17 16 17 16 19 18 16 16 
7 1 7 2. 00 10 l3 11 l3 .14 l3 13 19 18 19 19 19 19 17 17 16 17 15 16 16 14 13 . . 
7 18 0.00 9 10 9 11 11 11 10 17 16 17 19 19 10 16 17 16 16 14 14 14 ll 10 
7 19 o. oo 8 8 1 9 9 9 9 15 15 15 18 18 17 15 16 16 16 13 12 12 11 8 
7 20 o. oo 7 8 7 8 9 a 8 14 13 13 17 18 16 14 15 16 15 12 11 ll 11 a 
7 21 o. oo 7 1 7 a 8 8 1 12 12 12 15 17 15 13 15 16 14 ll 10 ll 10 7 
1 22 o. oo 1 1 7 6 0 8 7 11 11 ll 14 16 14 12 14 15 14 10 10 10 9 8 
1 23 o.oo 7 7 7 7 8 7 7 10 . 10 10 13 lS 14 ll 13 15 13 10 9 9 9 1 ...... 
7 24 0.00 7 7 7 7 a 7 7 10 9 1() 13 15 13 ll 13 15 13 9 9 9 9 7 ...... w 
I 
TA O!..!:: C, INCIDENT SOLAR RADIATION ON A 60 DECREE SURPACE AND TF.MPI::RATURES MONITORED AT LOCATIONS IN P'ICUR'P! 5 
------------------------------------------------------------------------------------------------------------------------------
P:iMNOMETER (P:i RA) READI~GS, KWH, 1\llD TEMPERATURf.S,C, AT LOCATION NU:1!lER 
------------------------------------------------------------------------------------------------------------------------------
0~'{ HR PY RI\ 1\."10 17 18 19 21 22 23 24 25 26 27 28 29 30 Jl 32 33 51 52 53 54 57 
(M ~ rch and Anri1 1980) 
-------------------------------------------·-----·---------------------------------------------------------------------
8 1 0 . 00 7 7 7 7 8 7 7 9 9 9 12 14 12 10 12 14 12 9 9 7 7 7 
8 2 0 .00 6 6 6 7 7 7 7 9 8 9 11 13 12 10 11 14 12 8 8 7 7 7 
8 3 0.00 6 6 6 6 7 6 6 8 8 8 10 12 11 9 11 13 11 8 8 6 7 6 
8 4 0. 00 6 6 5 6 6 6 6 8 7 8 1 0 12 11 9 10 13 11 7 7 6 6 6 
8 5 o. oo 5 5 5 5 6 5 5 7 7 7 9 1 1 10 8 10 12 10 7 7 6 6 5 
8 6 o. eo 5 s 4 5 6 s 7 7 7 9 10 9 8 9 12 10 6 6 5 5 5 
8 7 0. 00 5 5 4 5 5 5 5 6 6 6 8 10 9 8 9 11 9 6 6 5 5 5 
8 8 l. 00 4 s 4 5 5 s 5 6 6 6 8 9 9 7 8 ll 9 6 6 s s 5 
u 9 1 . 0 0 3 4 4 5 5 s 5 6 s 6 7 9 8 7 8 1 8 5 6 s 4 s 
8 10 ) .00 3 6 ' 5 6 7 5 5 s 5 5 7 8 8 7 8 10 8 s 6 4 4 6 
8 ll 2 . UO ) s 4 5 6 5 5 5 5 5 6 8 7 6 7 9 8 5 5 4 4 5 
8 12 2. ()0 4 s I. 5 6 5 5 5 5 s 6 8 7 6 7 9 8 s 6 4 4 7 
8 13 l. 00 3 4 3 -~ 5 4 4 5 5 5 6 7 6 7 9 7 5 5 4 4 4 
8 14 1. on 2 3 3 4 4 4 5 5 s 6 7 7 6 7 8 7 4 . 5 3 3 4 
8 15 2. 00 2 4 3 I. 4 4 4 5 5 5 6 6 6 6 8 7 4 5 3 3 4 
a lfj 1. 00 2 ) 2 J 4 3 3 5 4 5 6 6 6 s 6 8 6 4 4 4 4 3 
a 17 1. 00 3 ) 2 3 I. 3 3 4 4 4 5 6 6 5 6 1 6 4 4 3 . 3 3 
8 18 o. oo 2 2 2 2 3 3 3 4 4 5 6 6 s 6 7 6 3 4 3 3 2 
8 19 0 . 00 2 1 1 1 2 2 2 3 3 3 5 6 5 4 5 7 5 3 3 2 2 2 
8 20 o.oo 2 1 1 1 2 2 2 3 ) 3 4 5 5 4 5 6 5 3 3 2 2 2 
6 21 o. oo 2 1 1 1 2 2 2 3 3 3 4 s 5 4 s 6 5 3 3 2 2 2 
8 22 o. oo 2 1 1 2 2 2 2 2 2 4 5 4 3 4 6 4 2 2 2 2 2 
8 2 ) 0. 00 2 1 l 1 2 2 2 2 2 2 3 4 4 3 4 5 4 2 2 2 2 2 
8 24 0 . 00 2 2 2 2 2 2 2 3 4 4 3 4 5 4 2 2 2 2 2 2 
9 1 o. oo 2 2 1 2 2 2 2 2 2 2 3 4 4 3 4 5 4 2 3 2 2 2 
9 2 0. 00 2 1 1 1 2 2 2 2 2 2 J 4 3 3 3 5 4 2 2 2 2 2 
9 3 0. 00 2 1 1 1 2 2 2 2 2 2 3 3 3 3 3 4 3 2 2 2 2 2 
9 4 0. 00 2 1 1 1 2 2 2 2 2 2 3 3 3 3 3 4 3 2 2 2 2 2 
9 5 o. oo 1 0 0 0 1 1 1 2 2 2 3 3 3 2 3 4 3 2 2 2 2 1 
9 6 0. 00 1 1 1 1 1 1 1 2 2 2 2 3 J 2 3 4 3 1 2 2 1 0 
9 7 o. oo 2 2 2 2 2 2 2 l 1 2 2 2 2 2 3 2 1 2 2 2 2 
9 A 9. 00 4 2 5 8 G 5 5 2 2 2 2 3 J 2 2 3 3 2 4 3 J 7 
9 9 17. 00 7 2 1 25 21 17 1 9 "7 7 ~ 63 3 4 ) 3 3 3 ) 4 9 6 6 22 
9 10 25. 00 8 44 33 36 2R J) 31 15 12 13 6 4 4 4 3 3 4 7 17 12 11 )8 
9 11 21. 00 10 71 50 44 35 44 40 26 23 22 12 7 11 6 5 4 5 11 27 18 17 53 
9 ' 12 31. 00 11 91 50 52 40 53 0 36 32 32 1 11 16 9 8 6 7 16 35 25 22 62 
9 13 2) . 00 11 so 34 4•1 35 4~ 43 40 38 38 23 16 21 12 ll 8 10 19 37 27 24 . 42 
9 14 14. 00 11 43 33 41 33 38 37 H )9 38 28 20 27 15 15 12 11 20 35 27 24 30 
9 1 s 10 . 00 11 46 37 44 37 40 30 42 39 39 31 24 20 l7 1 0 14 14 22 37 29 26 41 
9 lG 20. 00 12 35 33 37 34 35 32 40 JO ] 8 33 2(, 29 20 20 15 16 23 JS 2~ 25 33 
9 17 2. 00 11 21 17 26 H 24 23 37 3S )5 33 2a 30 22 22 17 17 22 28 25 22 22 
9 lA 4. ll0 10 15 12 16 15 17 16 32 31 30 31 B 28 21 22 18 17 20 23 21 19 15 
9 19 0 . 00 17 10 a ll 10 11 11 28 20 26 29 28 26 19 2l 17 17 18 18 17 15 10 
9 20 o.oo 4 6 4 8 6 7 8 22 23 22 25 26 2.: 17 50 17 16 15 14 14 12 1 
9 21 o. oo 2 3 2 5 4 4 5 17 19 19 22 25 22 14 18 17 15 12 11 ll 9 4 
9 22 o. oo 0 1 0 3 2 2 3 lJ 16 16 19 22 20 ll 16 16 lJ 10 8 8 7 2 
9 23 o. oo - 1 0 -1 1 0 1 10 10 l6 14 16 20 18 9 H 15 12 8 6 6 5 0 ..... 
9 24 o. 00 -1 -1 -2 0 0 -1 0 1 10 11 13 18 16 7 12 14 ll 6 4 4 3 -1 ..... .p. 
TABLE C. INCIDEN1 SOL~R R~DI~TIO~ ON A 60 DEGREE SURFACE A~O TP.~PERATURE3 MONITORED AT LOCATIONS IN f'ICURE 5 
------------------------------------------------------------------------------------------------------------------------------
PYRIWOI·I f.TI!R (PYR~) REP.OHlGS,l<WH, A~O TEMPERATURr.S,C, AT LOCATION ~IU~IDER 
------------------------------------------------------------------------------------------------------------------------------
D~'t IIR t•YP II 111~£\ 17 18 19 21 22 23 24 25 26 27 28 29 30 31 32 33 51 52 53 54 57 
{ H~ rch and llnril 1980 ) 
------------------------------------------------------------------------------------------------------------------------------11 1 0 . 00 -1 -1 -2 0 0 -I 0 . 7 11 14 l3 10 17 7 ll 17 12 6 4 5 3 -1 
11 2 0. 00 -2 -2 -3 -1 0 -1 -1 6 9 11 11 17 16 5 10 16 11 5 3 4 3 -1 
11 3 0.00 -1 -2 -3 -1 -1 -1 -1 4 7 8 10 15 14 4 8 15 10 3 3 3 2 -1 
11 4 o. oo -3 -3 -3 -2 -2 -2 -2 3 5 6 8 l3 12 3 7 13 9 2 l 1 1 -3 
11 5 0. QO -1 -2 -2 -1 0 - 1 -1 2 4 4 7 11 10 2 6 13 8 2 1 l 1 -1 
ll (· 0. 00 -1 -2 -2 -1 0 -1 -1 l 2 3 5 10 9 2 5 12 7 1 l 1 1 -1 
11 2 . 1) 1) 4 0 0 0 1 0 0 1 2 2 4 9 8 2 4 11 6 4 2 l l 1 
11 0 11. 00 9 5 4 7 9 4 4 2 2 3 4 7 7 2 4 10 6 2 4 3 3 6 
11 9 l B. OO 11 21 28 20 22 17 15 (. 5 6 5 6 0 3 4 9 7 5 ll 8 8 22 
11 10 2 ) . 00 12 40 35 33 31 32 27 17 14 l4 9 7 10 5 5 8 8 6 21 15 14 36 
1 1 ll 2Q. OO 14 70 55 47 t.O 49 42 30 25 25 16 10 16 s a 9 9 13 30 22 20 57 
11 12 30 . 00 13 % 63 62 49 sa 51 42 36 34 22 13 10 10 10 11 11 17 31 27 24 68 
11 l3 ) 0.00 14 82 53 6 0 47 65 50 49 44 42 27 19 26 14 14 12 13 21 43 32 28 66 
11 14 29 . 00 13 80 63 58 45 62 56 54 48 47 33 24 3l 17 17 15 16 24 46 34 30 65 
11 15 2 4 . 00 12 5 4 48 49 42 so 44 55 0 48 3A 29 35 2l 21 17 18 26 45 35 31 " 11 16 19. 00 11 36 31 3A 34 38 3) 51 4G 45 40 32 35 24 24 19 20 26 40 33 28 34 
ll 17 1l. GO 9 21 15 27 24 27 25 4 5 4 1 40 38 33 36 25 25 21 20 24 31 27 23 22 
11 13 4. 00 7 15 10 16 15 19 17 40 37 35 36 33 33 23 24 21 20 2l 23 22 19 15 
11 19 1. no 4 9 6 10 3 ll 17 34 31 29 33 32 30 20 23 21 19 10 17 18 15 9 
11 20 0. 00 3 7 4 8 7 9 8 28 27 24 30 30 27 16 22 20 18 16 l4 l4 12 7 
11 21 7. 00 5 4 3 6 6 6 a 22 22 21 27 28 25 15 19 20 lJ 11 12 10 2 0 
11 22 0.00 1 2 0 4 3 4 4 17 18 17 2 ) 26 23 12 17 19 6 11 8 9 7 2 
11 23 0. 00 -1 1 - 1 3 2 2 3 13 14 l4 l 9 24 21 10 15 19 15 9 6 7 5 1 
11 24 o. oo -1 -1 -2 2 1 1 2 10 12 l2 16 21 20 8 lJ 18 14 7 5 6 4 0 
1S l 0. 00 3 3 3 5 5 4 4 10 14 16 15 21 20 9 13 18 14 B 7 7 6 4 
15 2 o.no 3 3 3 5 4 4 4 B 11 14 lJ 19 19 8 12 17 14 7 6 7 6 4 
15 3 0. 00 3 3 2 4 3 3 3 7 10 11 12 17 17 7 11 17 13 6 6 6 5 3 
lS 4 0. 00 2 2 l ) 2 2 2 6 9 10 11 15 1G 7 10 1 6 lJ 6 5 5 4 2 
15 5 0. 00 1 0 0 l 1 1 l 5 7 9 9 14 15 6 9 15 12 5 4 4 4 l 
15 6 o.oo 0 - 1 -1 0 1 0 0 4 6 7 8 13 1 4 5 8 15 11 4 3 3 3 0 
15 1 2. 00 5 2 2 2 ) 2 2 3 5 6 7 11 12 4 7 13 10 4 3 3 3 ) 
15 8 11. 00 12 8 7 11 13 7 7 4 5 6 6 10 11 5 6 13 10 5 6 6 6 9 
IS 9 1 ~ . 00 16 19 22 24 26 17 16 0 8 9 1 9 12 6 7 12 11 0 13 11 ll 20 
15 10 2). 00 17 39 45 3 8 37 34 31 19 16 17 12 10 14 8 8 12 12 12 23 18 17 42 
·15 11 27.00 19 61 58 so 45 49 0 3 3 28 2 ~ 19 13 19 11 11 13 13 17 32 25 H 55 
15 12 29. 00 19 71 53 56 so 56 49 45 38 37 27 18 25 15 14 15 15 22 41 32 29 62 
. 1 s 13 29 . 00 19 60 59 60 53 6 54 52 45 44 34 24 32 19 18 17 17 26 47 37 33 62 
15 14 27. 00 19 4G 60 57 53 61 53 59 49 49 40 30 36 2 3 23 19 20 29 51 40 36 56 
15 1'; 24. 00 18 46 51 52 so so 44 60 50 51 45 35 40 21 27 22 23 3l so 41 3G 47 
15 16 8. 00 17 27 25 38 35 36 33 55 47 48 45 37 41 30 29 24 25 Jl 43 38 33 31 
15 17 9. 00 15 27 21 31 31 28 20 1,9 44 45 44 39 40 30 31 25 26 30 36 H 29 25 
15 18 4.0 0 H 20 16 24 21 23 23 41 40 41 40 38 38 28 30 25 26 27 30 29 25 20 
15 19 0.00 11 15 12 9 15 17 19 35 37 37 37 37 36 25 29 25 25 24 24 24 2l 16 
15 20 0. 00 4 10 7 14 10 12 14 29 34 34 33 35 33 22 26 25 23 20 19 19 lG ll 
15 21 0.00 3 7 4 10 8 8 10 24 30 30 29 33 30 18 24 24 21 17 15 16 13 8 
15 22 0. 00 3 s 4 9 6 6 8 19 2o 27 2S 30 27 15 21 24 20 l4 12 13 11 6 
n 23 O. ilO 2 4 3 8 6 5 7 16 23 24 22 27 25 13 19 23 19 l2 ll ll 9 s 
15 24 o. oo 3 ' 3 7 6 4 6 ll 19 20 19 25 23 11 16 22 18 10 9 10 8 4 ....... ....... \.II 
TABLE C. INCIDENT SOLAR RIIOIATION ON A 60 Dl':GR EE SU RFIICE /ISO TE!-IPP.niiTURES MONITORED AT LOCI\TIONS IN FIGURE 5 
------------------------------------------------------------------------------------------------------------------------------
PYRII'IO!·IETE:R ( PYRI\) REI\OINGS, KWII, li ND TCMPERI\TURI;S,C, 1\T LOCATI ON NU~I!J ER 
------------------------------------------------------------------------------------------------------------------------------
n.w HP. PYP/1 1\M£1 17 1 0 19 21 22 23 24 25 26 27 28 29 30 3l 32 33 51 52 53 54 57 
( ~ar ch and 1\ n ril 1980) 
------------ --------- - ------------------------------ ~----- ---------------------- -- --------------------------------------------
16 1 0.00 3 4 3 6 6 4 5 11 16 18 16 22 22 10 15 21 17 9 9 9 8 4 
16 2 o. oo 2 3 3 5 G 4 4 0 l 4 16 15 20 20 9 13 20 16 a a a 7 4 I 
1!; 3 o. oo 3 4 4 5 6 4 4 9 12 14 13 19 19 a 12 19 15 8 7 8 7 4 
16 4 0 . 00 s 5 s 6 7 5 s 8 11 12 13 17 18 8 11 19 15 7 8 8 7 5 
16 5 0 0 00 3 5 5 6 7 5 5 19 10 11 12 16 16 8 11 18 14 7 7 7 7 5 
16 6 0. 00 4 5 4 5 6 5 5 8 q 10 11 15 1 s· 7 10 1 7 13 6 7 7 6 5 
16 1 ).00 7 7 1 7 8 7 7 7 8 9 10 14 14 7 9 16 13 1 a 7 7 1 
16 8 2. 00 10 11 11 12 14 11 1 1 9 q 10 10 13 l3 8 9 15 13 9 10 10 10 l 2 
1S 9 4 0 00 ll 13 13 13 15 1) 13 10 10 ll 10 12 13 9 10 14 13 10 12 11 11 14 
16 10 9o00 1t. 20 19 21 2) 19 18 3l 12 13 11 12 13 10 J 0 14 l3 1 2 15 14 14 21 
16 ll l OoOO 1 5 22 21 24 2S 21 20 1 6 15 16 13 12 14 12 12 13 1 4 14 18 16 16 23 
16 12 6 0 00 16 23 21 25 26 23 22 1? 19 19 14 13 16 14 l3 l3 1 4 16 20 18 18 23 
1 6 1 3 8oon 17 29 25 31 30 29 27 24 23 24 17 15 18 16 15 13 15 19 25 22 21 28 
lG 14 1 1 . 00 l R 33 30 33 )4 30 29 26 25 26 20 16 20 10 17 14 16 20 26 24 23 )2 
l G 15 6 . 00 18 23 21 24 24 24 23 25 25 26 21 18 21 )ij 10 15 17 20 23 22 21 2 3 
16 J 6 4 0 00 17 22 20 24 24 2 3 22 25 24 25 22 19 22 19 19 15 17 20 23 22 21 22 
16 17 l. 00 15 17 1 6 1 0 18 19 18 23 23 23 22 20 22 19 19 16 17 1 9 20 20 19 17 
16 18 o .oo 12 14 l3 15 1~ 15 15 22 21 21 21 20 21 18 19 16 17 17 1 8 17 16 14 
16 19 0 . 00 10 12 11 12 12 12 12 20 19 19 21 20 20 17 18 17 17 16 15 16 14 ll 
16 20 o.oo 10 11 1 0 11 11 12 11 18 17 17 20 20 19 16 17 17 16 15 1 4 14 14 11 
lG 21 o . oo 9 10 9 10 10 10 10 1 6 15 15 18 19 18 15 lG 16 15 l4 13 13 12 10 
16 22 0 . 00 7 a 7 9 B 9 8 14 l4 14 17 1 8 1 7 14 16 16 15 12 11 12 11 8 
H 2) o.on 5 5 5 6 6 6 6 13 12 12 16 18 16 12 15 16 14 10 9 10 9 5 
16 24 o ono 3 4 3 4 4 5 4 l1 11 10 15 17 15 11 14 16 13 9 B 8 7 4 
17 1 0 . 00 2 1 1 2 3 2 2 9 9 a 13 16 14 9 12 15 12 7 6 6 5 2 
1 7 2 0 . 00 1 1 1 2 3 2 1 7 7 7 12 15 l3 8 11 15 12 6 5 5 5 1 
17 3 0 . 00 2 2 2 2 3 2 2 6 6 6 11 14 12 7 10 14 11 6 4 5 4 2 
17 4 0 0 00 ) 3 3 3 4 3 3 5 5 5 9 12 11 7 9 14 10 5 4 5 5 J 
17 s Oo OO 3 3 3 3 4 3 3 5 5 5 9 12 10 6 9 13 10 5 4 s 5 3 
17 6 o. on 2 2 1 2 3 2 2 5 5 5 R ll 10 6 8 l3 10 4 4 4 4 2 
17 7 L OO 0 3 3 3 5 3 3 4 4 5 7 10 9 6 a 12 9 4 4 4 4 4 
17 8 10 . 00 1 6 9 q 11 13 8 8 s s 5 7 9 q 6 7 11 9 6 7 7 7 11 
17 9 17 . 00 20 20 21 24 28 1,.9 1 8 9 9 9 8 9 10 8 a 11 10 9 lJ 12 13 22 
1 7 10 2 J 0 00 24 4 3 4q 40 41 39 35 20 1 8 18 12 10 13 10 9 11 11 14 24 20 20 44 
. 1 7 ll 26 . 00 24 46 56 52 s o 54 48 36 30 . 30 20 13 19 lJ 12 12 13 20 34 28 27 54 
17 '12 26 . 00 26 89 61 63 56 62 56 43 42 4 1 29 19 26 17 16 14 15 25 44 35 33 71 
17 13 2 n 0 oo 26 76 52 67 59 67 62 55 5~ 49 36 25 34 21 22 1 a 19 30 51 41 37 67 
1 7 14 26 . 00 27 91 62 65 58 69 63 60 56 56 42 32 39 26 26 21 22 34 55 4 4 41 70 
17 15 2 3. 00 26 41 49 55 52 56 51 63 57 58 46 37 43 31 Jl 2 3 26 36 53 45 4 1 51 
17 16 18 0 00 25 36 41 46 45 45 42 60 53 55 49 H 45 34 35 26 29 36 48 42 39 41 
17 17 llo 00 22 Jl 28 37 38 36 33 55 so 51 49 43 45 35 36 28 30 35 41 38 3S 32 
17 18 4. 00 21 25 24 29 27 29 ~0 48 46 46 46 43 43 34 36 29 30 33 35 34 3l 26 
17 1? 0 . 00 10 20 18 23 21 23 24 41 42 42 43 42 40 31 34 29 29 30 30 29 26 21 
1 7 20 o.oo 13 15 l3 19 16 lO 18 35 38 38 39 40 38 28 32 29 28 26 24 25 22 16 
17 21 0 . 00 9 11 9 15 12 1 3 15 29 35 35 35 38 35 24 29 28 26 22 20 20' 18 13 
17 22 o. 00 8 8 7 ll 10 10 12 24 31 32 31 35 32 21 26 28 24 19 17 17 15 10 
17 23 0.00 7 7 5 ll 8 3 10 20 27 28 27 32 30 18 23 27 23 16 14 15 ll 8 
i7 24 o.oo 5 6 5 8 7 7 8 17 24 25 24 29 28 15 2l 26 21 l4 12 13 11 7 "'"' ...... 
0\ 
TIIDLC C. INC ID ENT SOLIIR RIIO I IITIOtl ON A 60 DEGREE 5URP'AC£ litH) Tt=:MPI':RIITUR!!S MONITORED liT LOCATIONS IN P'!CURE 5 
------------------------------------------------------------------------------------------------------------------------------
PYRMIOMETER (!?YRA) REI\OINGS, KWH, 1\NO 'rf.'IPERI\TURES ,C, AT LOCATION NUMBER 
------------------------------------------------------------------------------------------------------------------------------
ni\Y HR PYRI\ l\r11' 17 18 19 21 22 23 2~ 25 26 27 28 29 30 31 32 )3 51 52 53 54 57 
P' ~rc h and 1\nr i 1 l9SO) 
------------------------------- -----------------------------------------------------------------------------------------------1a 1 o.oo 3 s 3 B 6 ~ 6 14 21 22 21 27 26 13 19 25 20 12 ll 11 9 s 
18 2 o.on 2 3 2 6 5 4 5 12 16 20 19 24 24 11 16 24 19 10 9 9 8 3 
18 3 0. 00 3 ) 2 5 5 ) ) 10 lr. 17 16 22 2 3 10 15 23 18 9 8 B 7 3 
18 4 o.on 2 2 2 4 4 3 3 9 lJ 15 14 20 21 8 13 22 17 7 1 1 6 2 
18 5 0.00 2 2 1 ) 3 2 2 B 11 13 13 19 20 7 12 21 16 6 G 6 5 2 
1 8 6 0. 00 1 1 0 2 3 1 1 7 10 11 12 17 10 6 10 19 15 5 5 5 4 1 
1~ 1 ?. • 00 11 7 7 7 8 6 6 7 q 10 11 16 17 1 10 19 14 7 7 7 7 8 
1 n 8 1 o . on 16 15 15 17 19 1 ~ 14 9 10 11 10 1 5 16 8 10 17 15 10 11 11 11 16 
18 1 t 7 . no 19 30 )) 29 30 2 5 23 14 14 15 12 14 17 10 11 17 15 1) 18 16 16 30 
1q 10 2 2. uo 2 t 51 4 0 42 4 0 38 35 24 22 22 17 15 19 12 12 16 16 17 27 22 22 45 
18 11 26 . 00 21 7 5 4 3 52 46 51 47 35 32 32 23 18 25 15 15 1 7 10 21 35 29 27 59 
16 12 27. 00 22 00 4R 60 52 54 51 43 40 40 30 22 30 19 19 20 19 25 0 34 32 65 
18 13 2 7. on 22 70 ft5 60 53 56 52 48 46 45 36 2R 36 23 23 22 l2 29 47 38 35 59 
18 14 25 .00 23 75 50 59 52 5R 53 52 4Q 49 41 32 40 26 27 24 24 32 49 41 37 61 
11 11 2 2 . no 23 45 43 51 .;R 50 45 54 4q 49 44 36 42 30 30 26 27 34 48 4 1 38 (ij 
la 16 17. 00 23 39 .17 44 42 40 38 51 4 6 4(, 45 39 43 32 33 29 2Q 34 4 4 39 36 40 
B 17 11.00 2) 29 26 34 34 31 30 .;6 ~ 2 42 45 40 42 33 34 29 30 33 37 35 33 )\) 
la 18 4. 00 22 25 23 27 26 27 25 41 3U 38 43 41 40 32 34 30 30 31 32 32 30 26 
1~ 19 1. 00 20 2 1 19 22 22 23 23 37 34 34 40 40 37 30 33 29 29 29 28 28 26 22 
l~ 20 0. 00 17 1 8 17 19 18 19 19 32 32 31 37 38 35 27 31 29 20 26 25 25 23 16 
18 21 0 . 00 16 16 15 17 17 17 17 2 B 29 28 34 36 33 25 29 28 26 23 22 23 21 17 
18 22 o.oa 15 16 15 17 16 16 16 1.6 26 26 Jl 34 Jl 23 27 28 26 22 20 21 19 16 
1~ 2 3 0. 00 14 14 13 1 5 15 l~ 15 23 24 24 29 32 30 22 25 27 24 20 18 19 18 14 
10 24 o.oo 13 13 12 H 14 14 14 21 7.2 22 27 30 28 20 24 27 24 18 17 18 16 ll 
